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£J (57) Abstract: The invention provides means and methods for identifying a Streptococcus protein which is capable of eliciting an 

^ immune response against at least two Streptococcus strains and/or serotypes. The invention further discloses immunogenic compo- 

©\ sitions capable of eliciting an immune response against Streptococcus uberis comprising at least two recombinant and/or isolated 

g proteins derived from Streptococcus uberis, and/or an immunogenic part or analogue or derivative of cither or both of said proteins. 

^1 The invention further discloses nucleic acid molecules encoding said proteins or immunogenic parts thereof, host cells and recom- 

' binant carriers comprising such nucleic acid molecule, and vaccines and diagnostic tests based on said proteins and nucleic acids. 
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Title: Immunogenic Streptococcus proteins 

The invention relates to the field of medicine. More specifically, the invention 
relates to immunogenic Streptococcus proteins and immunogenic parts, 
5 derivatives and analogues thereof. 

The genus Streptococcus is comprised of a wide variety of both pathogenic and 
commensal Gram-positive bacteria which are found to inhabit a wide range of 
hosts, including humans, horses, pigs and cows. Within the host, streptococci 
10 are often found to colonize the mucosal surfaces of the upper respiratory tract. 
However, in certain circumstances streptococci can also cause diseases that 
range from subacute to acute or even chronic. 

Up to now many commercial vaccines against Streptococcus are based on whole 
cell bacterins. Generally such bacterins do produce significant protection 

15 against challenge with homologous serotypes, but do not protect against 
challenge with heterologous serotypes. Vaccination with whole cell 
Streptococcus often results in an immune response which is directed against 
the same Streptococcus strain, but which is not (sufficiently) directed against 
other Streptococcus strains, let alone other Streptococcus serotypes. As a 

20 result, many vaccines provide insufficient protection against heterologous 

strains and/or serotypes because vaccination against one Streptococcus strain 
is generally not efficient in counteracting infection by another Streptococcus 
strain. Moreover, vaccination against one Streptococcus serotype is generally 
not efficient in counteracting infection by another Streptococcus serotype. 

25 Therefore, immunogenic compositions capable of eliciting an immune response 
against at least two Streptococcus strains, preferably against two Streptococcus 
serotypes, are desired. 

It is an object of the present invention to provide Streptococcus proteins and 
30 immunogenic parts, derivatives and/or analogues thereof, and nucleic acid 
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molecules coding therefore, that are capable of eliciting an immune response 
against at least two strains of Streptococcus. 

The invention provides a method for identifying a Streptococcus protein which 
5 is capable of eliciting an immune response against at least two Streptococcus 
strains, the method comprising: 

a) identifying at least part of a secreted protein, a surface-associated protein 
and/or a protein with at least 50% sequence identity to a bacterial virulence 
factor; 

10 b) selecting at least one protein identified in step a) which is conserved over at 
least two Streptococcus strains; and 

c) determining whether at least one protein selected in step b) or an 
immunogenic part, derivative and/or analogue thereof is capable of specifically 
binding an antibody and/or immune cell of an animal infected by a first 

15 Streptococcus strain and an antibody and/or immune cell of an animal infected 
by a second Streptococcus strain. Said first Streptococcus strain and said 
second Streptococcus strain are preferably of the same Streptococcus species. 
Preferably, said protein with at least 50% sequence identity to a bacterial 
virulence factor has at least 60%, more preferably at least 70 %, more 

20 preferably at least 75%, most preferably at least 80% sequence identity to a 
bacterial virulence factor. 

According to the present invention, at least one Streptococcus protein is 
identified which is capable of eliciting an immune response against at least 

25 two Streptococcus strains. Said protein is suitable for immunizing an 

individual and/or non-human animal because it is capable of eliciting a broad 
immune response. Hence, the present invention obviates the need to provide a 
vaccine for each and every Streptococcus strain and/or serotype. The use of an 
immunogenic Streptococcus protein of the invention therefore saves time and 

30 money. More importantly, an immunogenic Streptococcus protein of the 
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invention is in principle capable of eliciting an immune response against a 
Streptococcus strain that is not yet known, or against which no specific vaccine 
is available yet (for instance a strain which has recently evolved in nature). 
Preferably, a Streptococcus protein of the invention is capable of eliciting an 
5 immune response against at least two Streptococcus serotypes. A preferred 
embodiment of the invention therefore provides a method for identifying a 
Streptococcus protein which is capable of eliciting an immune response against 
at least two Streptococcus serotypes, the method comprising: 

a) identifying at least part of a secreted protein, a surface-associated protein 
10 and/or a protein which has at least 50% sequence identity to a bacterial 

virulence factor; 

b) selecting at least one protein identified in step a) which is conserved over at 
least two Streptococcus serotypes; and 

c) determining whether at least one protein selected in step b) or an 

15 immunogenic part, derivative and/or analogue thereof is capable of specifically 
binding an antibody and/or immune cell of an animal infected by a first 
Streptococcus serotype and an antibody and/or immune cell of an animal 
infected by a second Streptococcus serotype. 

20 An immune response against at least two Streptococcus strains and/or 
Streptococcus serotypes is defined herein as a humoral and/or a cellular 
immune response directed against Streptococcus of at least two different 
strains and/or serotypes. Said immune response is for instance elicited in a 
non-human animal. It is also possible to elicit an immune response against at 

25 least two strains and/or serotypes of Streptococcus in a human individual in 
order to prevent and/or counteract a Streptococcus related disease. A humoral 
immune response leads to the production of antibodies, whereas a cellular ~ 
immune response predominantly enhances the formation of reactive immune 
cells such as T killer cells. In general, both parts of the immune response are 

30 elicited by administration of an immunogenic protein or immunogenic part 
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thereof. An immune response against at least two strains/serotypes of 
Streptococcus preferably comprises antibody production. Said immune 
response is preferably capable of at least in part decreasing the number of 
Streptococcus organisms in a human individual and/or non-human animal. 
5 Said immune response is furthermore preferably capable of at least in part 
counteracting a Streptococcus caused disorder. 

A Streptococcus strain is identifiable by its morphological, biochemical and 
serological characteristics, as is well known in the art. A Streptococcus 
serotype is a group of Streptococcus whose classification is based on the 
10 presence of specific antigenic polysaccharides. Classification of Streptococcus 
serotypes is also well known in the art. 

A method of the invention comprises identifying at least part of a secreted 
protein, a surface-associated protein and/or a protein which has at least 50% 

15 sequence identity to a bacterial virulence factor. Said protein is identified in 
various ways. In one embodiment of the invention a genomic approach is used. 
A gene encoding a secreted protein and/or a surface -associated protein is 
identified, for instance by searching for a motif of said secreted protein and/or 
surface-associated protein. Said motif preferably comprises a lipid attachment 

20 site, a signal peptidase cleavage site and/or a sortase attachment site. Of 
course, it is possible to search for other motifs known in the art. One 
embodiment of the invention therefore provides a method of the invention 
wherein said secreted protein and/or surface-associated protein is identified by 
identifying in at least part of the genomic sequence of a Streptococcus a gene 

25 comprising a motif of a secreted and/or surface-associated protein. 

Additionally, or alternatively, a gene encoding a secreted protein and/or a 
surface-associated protein is identified by one or more other methods known in 
the art. For instance, once a gene of a Streptococcus species encoding a 
secreted protein and/or a surface -associated protein is known, it is possible to 
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screen another Streptococcus genomic sequence for the presence of a gene with 
high % sequence identity. 

In one embodiment, such a screening method comprises a method in which 
said another Streptococcus genomic sequence is screened for its capability of 
5 hybridizing to a nucleotide sequence encoding a secreted and/or surface- 
associated protein of Streptococcus. The invention therefore provides a method 
according to the invention, wherein said protein which has at least 50% 
sequence identity to a bacterial virulence factor is identified by identifying in 
at least part of the genomic sequence of Streptococcus a gene which is capable 

10 of hybridizing to any of the nucleic acid sequences listed in Figure 4 at 65°C in 
a buffer having 0.5 M sodium phosphate, 1 mM EDTA, and 7% sodium dodecyl 
sulphate at a pH of 7.2, wherein the nucleic acid molecule remains hybridized 
after washing twice with a buffer containing 40 mM sodium phosphate (pH 
7.2), ImM EDTA and 5% sodium dodecyl sulphate for 30 minutes at 65°C and; 

15 washing twice with a buffer containing 40 mM sodium phosphate (pH 7.2), 1 
mM EDTA and 1% sodium dodecyl sulphate for 30 minutes at 65°C. 
Preferably, said protein with at least 50% sequence identity to a bacterial 
virulence factor has at least 60%, more preferably at least 70 %, more 
preferably at least 75%, most preferably at least 80% sequence identity to a 

20 bacterial virulence factor. 

The art furthermore provides various methods for determining whether a 
Streptococcus protein has at least 50% sequence identity to a bacterial 
virulence factor. For instance, the amino acid sequence of a Streptococcus 

25 protein is compared with the amino acid sequence of a bacterial virulence 
factor. It is also possible to apply a genomic approach. A gene encoding a 
Streptococcus protein which has at least 50% sequence identity to a bacterial 
virulence factor is for instance identified by screening a Streptococcus genomic 
sequence for a nucleotide sequence which has at least 50% sequence identity to 

30 a bacterial gene encoding a virulence factor. One embodiment of the invention 
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therefore provides a method of the invention wherein a protein which has at 
least 50% sequence identity to a bacterial virulence factor is identified by 
identifying in at least part of the genomic sequence of a Streptococcus a gene 
which has at least 50% sequence identity to a bacterial virulence factor gene. 
5 However, many alternative methods for determining whether a Streptococcus 
protein has at least 50% sequence identityt to a bacterial virulence factor are 
known in the art. 

Once at least one Streptococcus gene encoding a secreted protein, a surface- 
associated protein and/or a protein which has at least 50% sequence identity to 

10 a bacterial virulence factor is identified, it is preferably determined whether at 
least one of said genes is conserved over at least two Streptococcus strains. A 
gene of a first Streptococcus strain is conserved over at least two Streptococcus 
strains if a genome of a second Streptococcus strain comprises a nucleic acid 
sequence which has at least about 60% sequence identity to said gene of said 

15 first Streptococcus strain. Preferably, said nucleic acid sequence has at least 
70%, more preferably at least 75%, more preferably at least 80% more 
preferably at least 90%, most preferably at least 95% sequence identity to said 
gene. The term "sequence identity" refers to the percentage identity between 
two nucleic acid sequences or amino acid sequences. Two nucleic acid 

20 sequences have at least 60% sequence identity to each other when said 
sequences exhibit at least 60% sequence identity after aligning the two 
sequences and introducing gaps, if necessary, to achieve the maximum percent 
sequence identity. Methods and computer programs for the alignment are well 
known in the art. One computer program which may be used or adapted for 

25 purposes of determining whether a candidate sequence falls within this 

definition is "Align 2", authored by Genentech, Inc., which was filed with user 
documentation in the United States Copyright Office, Washington, D.C. 20559, 
on Dec. 10, 1991.. 

According to one embodiment of the invention, if a gene of the invention 
30 is conserved over at least two Streptococcus strains, the protein encoded by 
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said gene is a good candidate for assessing whether said protein, or an 
immunogenic part, derivative and/or analogue thereof, is capable of eliciting 
an immune response against more than one Streptococcus strain. Said first 
Streptococcus strain and said second Streptococcus strain are preferably of the 
5 same Streptococcus species. 

Preferably, it is determined whether said gene is conserved over at least two 
Streptococcus serotypes, in order to identify a good candidate protein (encoded 
by said gene) which is tested for its capability of eliciting an immune response 

10 against more than one Streptococcus serotype. A method of the invention 

which further comprises selecting a gene which is conserved over at least two 
Streptococcus strains and/or serotypes is therefore preferred. 
Once a gene conserved over at least two Streptococcus strains/serotypes is 
identified, a protein encoded by said gene is preferably obtained. Additionally, 

15 or alternatively, an immunogenic part, derivative and/or analogue of said 

protein is obtained. The art provides various methods for obtaining a protein 
encoded by a gene, or an immunogenic part, derivative and/or analogue 
thereof. Said gene is for instance expressed by a suitable expression system. 
Non-limiting examples of expression systems comprise eukaryotic host cells 

20 such as yeast and prokaryotic host cells such as Escherichia coli. Preferably, a 
gene of the invention encoding a secreted protein, a surface-associated protein 
and/or a protein which has at least 50% sequence identity to a bacterial 
virulence factor, which gene is conserved over at least two Streptococcus 
strains, is expressed in a prokaryotic expression system. A prokaryotic 

25 expression system is preferred because a (prokaryotic) Streptococcus protein is 
in principle better expressed in a prokaryotic expression system. Moreover, a 
prokaryotic expression system is generally more easily set up and used. 

A method of the invention comprises determining whether at least one protein 
30 of the invention or an immunogenic part, derivative and/or analogue thereof is 
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capable of specifically binding an antibody and/or immune cell of an animal 
infected by a first Streptococcus strain and an antibody and/or immune cell of 
an animal infected by a second Streptococcus strain. Preferably, it is 
determined whether at least one protein of the invention or an immunogenic 
5 part, derivative and/or analogue thereof is capable of specifically binding an 
antibody and/or immune cell of an animal infected by a first Streptococcus 
serotype and an antibody and/or immune cell of an animal infected by a second 
Streptococcus serotype. Many methods are known in the art for performing 
said test. Preferably, serum of at least two animals infected by at least two 

10 different Streptococcus strains is used. Alternatively, serum of only one animal 
is used, said animal being infected with at least two different Streptococcus 
strains. According to one embodiment, one non-human animal is infected by at 
least a first Streptococcus strain and/or serotype, and a second non-human 
animal is infected by at least a second Streptococcus strain and/or serotype. 

15 Said Streptococcus strains and/or serotypes are for instance administered 
intravenously to said animal. Subsequently, according to one embodiment, 
serum from said animals comprising Streptococcus-specific antibodies and/or 
immune cells is collected. Said serum is optionally processed before use. For 
instance, antibodies and/or immune cells are at least in part concentrated 

20 and/or isolated. A protein of the invention and/or an immunogenic part, 

derivative and/or analogue thereof is preferably isolated and/or recombinantly 
produced and subsequently incubated with said serum - or with (partly) 
isolated antibodies and/or immune cells - derived from said animals. It is 
possible to administer serum, antibodies and/or immune cells derived from a 

25 first animal together with serum, antibodies and/or immune cells derived from 
a second animal. Alternatively, serum, antibodies and/or immune cells derived 
from a first animal is administrated firstly, after which serum, antibodies 
and/or immune cells from a second animal is added. In yet another 
embodiment serum, antibodies and/or immune cells of a first animal is 

30 administrated to one separate batch comprising at least one protein and/or 
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immunogenic part, derivative and/or analogue according to the invention and 
serum, antibodies and/or immune cells of a second animal is administered to 
another batch comprising at least one protein and/or immunogenic part, 
derivative and/or analogue according to the invention. After incubation said 
5 serum, antibodies and/or immune cells are washed away and bound antibodies 
and/or immune cells are visualised, using any method known in the art. Bound 
antibodies are for instance incubated with a second antibody capable of 
specifically binding said bound antibodies, which second antibody is 
conjugated with horse-radish peroxidase. After unbound second antibodies are 

10 washed away, hydrogen peroxide is administered. Breakdown of hydrogen 
peroxide by horse-radish peroxidase is coupled to the oxidation of a 
chromogenic compound, so that the reaction is made visible. 
If a protein of the invention and/or an immunogenic part, derivative and/or 
analogue thereof appears to be specifically bound by an antibody and/or 

15 immune cell elicited by a first Streptococcus strain, and by an antibody and/or 
immune cell elicited by a second Streptococcus strain, it indicates that said 
protein, immunogenic part, derivative and/or analogue is capable of eliciting 
an immune response against at least two Streptococcus strains. 
In one preferred embodiment an antibody and/or immune cell derived from a 

20 convalescent serum of an animal which was infected with a Streptococcus is 
used. A convalescent serum is derived from an animal which has efficiently 
counteracted its infection. Hence, a convalescent serum of an animal which 
was infected with Streptococcus comprises antibodies and/or immune cells that 
are capable of protecting said animal against a challenge with the same 

25 Streptococcus strain. Therefore, incubation with a convalescent medium is 
preferred in order to determine whether a protein and/or immunogenic part, 
derivative and/or analogue according to the invention is capable of eliciting a 
protective immune response. 

One embodiment of the invention thus provides a method for identifying a 
30 Streptococcus protein which is capable of eliciting an immune response against 
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at least two Streptococcus strains, the method comprising: 

- obtaining isolated and/or recombinant Streptococcus proteins; 

- incubating said proteins with an antibody and/or immune cell of an animal 
infected by a first Streptococcus strain and/or serotype, and with an antibody 

5 and/or immune cell of an animal infected by a second Streptococcus strain 
and/or serotype, and 

- determining whether a protein is capable of binding an antibody and/or 
immune cell of an animal infected by a first Streptococcus strain and/or 
serotype and an antibody and/or immune cell of an animal infected by a second 

10 Streptococcus strain and/or serotype. 

Proteins of Streptococcus are obtained in various ways. Preferably, secreted 
proteins, surface -associated proteins and/or proteins which have at least 50% 
sequence identity to a bacterial virulence factor are isolated from a 

15 Streptococcus culture. In one embodiment surface-associated proteins are 
stripped from Streptococcus using for instance lysozyme. 
In one embodiment Streptococcus proteins are recombinantly produced using 
at least one nucleic acid sequence encoding at least one of said proteins. As 
explained above, a gene encoding a secreted protein, a surface -associated 

20 proteins and/or a protein which has at least 50% sequence identity to a 
bacterial virulence factor is preferably used. More preferably, said gene is 
conserved over at least two Streptococcus strains and/or serotypes. 
Alternatively, or additionally, a Streptococcus protein or an immunogenic part, 
derivative and/or analogue thereof is generated using another method known 

25 in the art. For instance, an immunogenic Streptococcus protein or peptide is 
generated using a common synthesis technique such as solid phase synthesis. 
As another example, a Streptococcus protein is isolated from a Streptococcus , 
or recombinantly made, after which it is modified in order to produce an 
immunogenic part, derivative and/or analogue. 



WO 2009/020391 



11 



PCT/NL2008/050537 



In one preferred embodiment Streptococcus proteins are separated on a 
polyacrylamide gel and subsequently incubated with an antibody and/or 
immune cell of an animal infected by a first Streptococcus strain and/or 
serotype and an antibody and/or immune cell of an animal infected by a second 
5 Streptococcus strain and/or serotype. Preferably a two-dimensional 
polyacrylamide gel is used. 

In a preferred embodiment a Streptococcus protein is identified which is 
capable of eliciting opsonophagocytosis inducing antibodies. 
Opsonophagocytosis is a natural process wherein a microorganism is opsonized 
by opsonins, after which said microorganism is phagocytised by a phagocytic 
cell and killed. Many microorganisms need to be opsonized by opsonins to 
enhance their phagocytosis. Opsonization is a process of making a 
microorganism more susceptible for uptake by a phagocyte. In said process, 
opsonizing antibodies and/or proteins bind to said microorganism, thereby 
facilitating the uptake of said microorganism by said phagocyte. 
Hence, a Streptococcus protein of the invention or an immunogenic part, 
derivative and/or analogue thereof capable of eliciting opsonophagocytosis 
inducing antibodies is preferred because administration of such protein and/or 
immunogenic part, derivative and/or analogue to an animal results in the 
presence of opsonophagocytosis inducing antibodies in said animal capable of 
phagocytosing Streptococcus, 

A Streptococcus protein of the invention or an immunogenic part, derivative 
25 and/or analogue thereof is capable of eliciting an immune response against at 
least two strains and/or serotypes of Streptococcus. In order to elicit an even 
broader immune response, it is preferred to identify at least two different 
Streptococcus proteins, and/or an immunogenic part, derivative and/or 
analogue of at least one of said proteins. More preferably, at least three 
30 different Streptococcus proteins, and/or an immunogenic part, derivative 
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and/or analogue of at least one of said proteins is identified, et cetera. The 
higher the number of Streptococcus proteins and/or immunogenic parts, 
derivatives and/or analogues of the present invention that are identified, the 
broader immune response is elicited. 
5 In another preferred embodiment at least one Streptococcus protein and/or an 
immunogenic part, derivative and/br analogue according to the invention is 
identified which is capable of eliciting an immune response against at least 
three strains of Streptococcus. Said protein and/or immunogenic part, 
derivative and/or analogue is particularly suitable for eliciting a broad immune 
10 response in a human individual and/or a non-human animal. More preferably 
at least one Streptococcus protein and/or an immunogenic part, derivative 
and/or analogue according to the invention is identified which is capable of 
eliciting an immune response against at least three Streptococcus serotypes. 

15 An immunogenic part of a protein is defined as a part of a protein which is 
capable of eliciting an immune response in a human individual and/or a non- 
human animal. Preferably said immunogenic part is capable of eliciting the 
same immune response in kind, albeit not necessarily in amount, as said 
protein. An immunogenic part of a protein preferably comprises one or more 

20 epitopes of said protein. An epitope of a protein is defined as a part of said 
protein, at least about 5 amino acids in length, capable of eliciting a specific 
antibody and/or immune cell capable of specifically binding said epitope. Two 
different kinds of epitopes exist: linear epitopes and conformational epitopes. A 
linear epitope comprises a stretch of conse cutive amino acids. A conformational 

25 epitope is formed by several stretches of consecutive amino acids that are 

folded in position and together form an epitope in a properly folded protein. An 
immunogenic part of the invention is capable of comprising either one, or both, 
of said kinds of epitopes. 

An immunogenic part of a protein comprises at least 5 amino acid residues. 
30 Preferably said immunogenic part comprises at least 10, more preferably at 
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least 15, more preferably at least 25 and most preferably at least 30 
consecutive amino acids. Said immunogenic part preferably comprises at most 
about 500 amino acid residues, more preferably at most 250 amino acid 
residues, depending on the kind of protein from which said immunogenic part 
5 is derived. 

A derivative of a protein is defined as a molecule which has the same 
immunogenic properties in kind, not necessarily in amount. A person skilled in 
the art is capable of altering a protein such that the immunogenic properties of 
said molecule are essentially the same in kind, not necessarily in amount, as 

10 compared to said protein. A derivative of a protein is for instance provided by 
mutating at least one amino acid residue of said protein and/or by replacing 
one amino acid residue by another amino acid residue. Preferably, 
conservative amino acid substitutions are made, like for example replacement 
of an amino acid comprising an acidic side chain by another amino acid 

15 comprising an acidic side chain, replacement of a bulky amino acid by another 
bulky amino acid, replacement of an amino acid comprising a basic side chain 
by another amino acid comprising a basic side chain, et cetera. 
A person skilled in the art is well able to generate analogous compounds of a 
protein. This is for instance done through screening of a peptide library or by 

20 peptide changing programs. An analogue according to the invention has 
essentially the same immunogenic properties of said protein in kind, not 
necessarily in amount. An analogue of a protein of the invention for instance 
comprises a fusion protein and/or chimaeric protein. 

In order to be capable of eliciting an immune response, an immunogenic part, 
25 derivative and/or analogue according to the invention is preferably provided 
with the proper characteristics to enable antibody and/or immune cell 
production. Said characteristics, which are well known in the art, for instance 
include suitable flanking sequences and/or proteolytic cleavage sites. 
Alternatively, or additionally, a protein, immunogenic part, derivative and/or 
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analogue according to the invention is preferably provided with an 
immunogenic carrier. 

Once a protein or an immunogenic part, derivative and/or analogue according 
to the invention is administered to a human individual or non-human animal, 
5 it is usuaUy at risk of degradation caused by a number of different forces, such 
as for example proteolysis, unfolding, extreme pH values, detergents and high 
salt concentrations. To prolong the life of a protein or an immunogenic part, 
derivative and/or analogue thereof, its resistance to degradation is preferably 
enhanced, for example by synthesizing a peptide with a C-terminal 

10 carboxamide and/or acetylating the N-terminal end of a peptide in order to 
maintain the native charge characteristics. In one embodiment resistance to 
degradation is further enhanced by mutating a protein or an immunogenic 
part, derivative and/or analogue according to the invention such that a local 
unfolding process rendering said protein or immunogenic part, derivative 

15 and/or analogue thereof susceptible to autolysis is at least in part inhibited. 
Stabilizing mutation strategies are known and for instance described by 
Matthews (1991), Alber (1991), Vriend and Eijsink (1993) and Fersht and 
Serrano (1993). 

20 A secreted protein is defined as a protein which is naturally produced in a cell 
and/or organism and at least in part secreted from said cell and/or organism 
into its environment. Hence, if Streptococcus is cultured, a secreted protein is 
at least in part present in at least part of the culture medium, at least at some 
time point. A secreted protein needs not be produced and/or secreted 

25 continuously. A secreted protein may for instance only be produced and/or 
secreted during a certain phase of a bacterial life cycle. Furthermore, 
production and secretion of a secreted protein need not occur at the same time. 
For instance, some secreted proteins firstly accumulate inside a cell and are 
secreted at a later time point. 
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A surface-associated protein is defined as a protein which naturally forms part 
of a surface of a cell, or which is attached to a surface of a cell. If said surface- 
associated cell is attached to a surface of a cell, it is either directly or indirectly 
attached. Indirect attachment for instance involves the presence of at least one 
5 linker. 

The term "isolated protein" refers to a protein which is at least in part isolated 
from its natural environment, and/or to a protein which is devoid of at least 
part of a sequence normally associated with it in nature. 
The term "recombinant protein" refers to a protein which is produced by an 

10 isolated and/or artificial expression system, preferably using a nucleic acid 
sequence encoding said protein. Said nucleic acid sequence is preferably 
operably linked to at least one regulatory sequence such as for instance a 
promoter, an enhancer and/or a terminater. Preferably said regulatory 
sequence is inducible, so that it is possible to control the extent of expression of 

15 said protein. In one embodiment said nucleic acid sequence comprises an 
exogenous nucleic acid sequence. An exogenous nucleic acid sequence is a 
nucleic acid sequence which is present at a site in an organism's genome where 
said nucleic acid sequence is not naturally present. 

20 After a Streptococcus protein capable of eliciting an immune response against 
at least two Streptococcus strains and/or serotypes is identified by a method of 
the invention, it is preferably produced. Produced protein is for instance 
suitable for generating an immunogenic composition and/or eliciting an 
immune response against at least two Streptococcus strains and/or serotypes 

25 in an animal. As outlined above, various methods for producing a protein are 
known in the art, such as for instance recombinant production. The invention 
therefore provides a method for producing at least one protein identified by a 
method of the invention. A Streptococcus protein which is capable of eliciting 
an immune response against at least two strains and/or serotypes of 
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Streptococcus obtainable by a method of the invention is also herewith 
provided. 

A Streptococcus protein and/or immunogenic part, derivative and/or analogue 
5 according to the invention is particularly suitable for preparing an 

immunogenic composition. Said immunogenic composition is capable of 
eliciting a broad humoral and/or cellular immune response against at least two 
Streptococcus strains. Preferably a Streptococcus protein and/or immunogenic 
part, derivative and/or analogue capable of eliciting an immune response 

10 against at least two Streptococcus serotypes is used for preparing an 

immunogenic composition, so that a broad immune response against at least 
two Streptococcus serotypes is achieved. A use of a protein obtainable by a 
method of the invention, or an immunogenic part, derivative and/or analogue 
thereof, for the preparation of an immunogenic composition capable of eliciting 

15 an immune response against at least two Streptococcus strains and/or 

serotypes is therefore also provided, as well as an immunogenic composition 
capable of eliciting an immune response against at least two Streptococcus 
strains and/or serotypes comprising at least one isolated and/or recombinant 
protein obtainable by a method of the invention, or an immunogenic part, 

20 derivative and/or analogue thereof. In order to provide an even broader 
protection, at least two or more proteins and/or immunogenic parts, 
derivatives and/or analogues of the invention are preferably used for the 
preparation of an immunogenic composition. In one embodiment a combination 
of at least one protein and at least one immunogenic part, derivative and/or 

25 analogue according to the invention is used for the preparation of an 
immunogenic composition. 

Besides a broader protection, the use of at least two proteins and/or 
immunogenic parts, derivatives and/or analogues of the invention decreases 
the chance of development of escape mutants of Streptococcus organisms. 
30 Escape mutants of bacterial organisms generally develop under environmental 
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stress, for example in the presence of an antibiotic and/or in ttie presence of 
antibodies against an epitope of said organism. By natural variation in the 
population of an organism some organisms escape from the inhibitory effect of 
said environmental stress, such as the presence of said antibiotic and/or 
5 antibodies, and are capable of multiplying. The chance of development of an 
escape mutant for several different epitopes at one time is smaller than the 
chance of development of an escape mutant for only one epitope. 
Hence, an immunogenic composition of the invention preferably comprises at 
least two isolated and/or recombinant proteins, and/or at least one 

10 immunogenic part, derivative and/or analogue thereof, obtainable by a method 
of the invention. In order to even better avoid the formation of escape mutants 
a protein of the invention preferably comprises an essential protein. This is a 
protein that is important - preferably essential - for the metabolism, survival 
and/or multiplication of Streptococcus. Hence, a possible escape mutant with 

15 an altered essential protein is less - if at all - viable. 

Tables 5 and 6 comprise a list of preferred Streptococcus uberis proteins that 
are identified by a method of the invention. These proteins, or at least one 
immunogenic part, derivative and/or analogue thereof, are suitable for the 
preparation of an immunogenic composition of the invention. A use of the 

20 invention wherein said protein is selected from Table 5 and/or Table 6 is 
therefore also provided, as well as an immunogenic composition of the 
invention comprising at least one isolated and/or recombinant protein as 
depicted in Table 5 and/or 6, or an immunogenic part, derivative and/or 
analogue thereof. In order to provide an even broader protection, said 

25 immunogenic composition preferably comprises at least two proteins as 
depicted in Table 5 and/or Table 6, and/or immunogenic parts, derivatives 
and/or analogues thereof. Most preferably, said immunogenic composition 
comprises at least three proteins as depicted in Table 5 and/or Table 6, and/or 
immunogenic parts, derivatives and/or analogues thereof. 
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In a preferred embodiment, the at least one, at least two or at least three 
proteins as depicted in Table 5 and/or Table 6 are taken from the group 
consisting of P15, P16, P17, P19, P20, P22, P27, P54, P28, P63, P64, P68, P75, 
P81, P93, P100, P105, surface exclusion protein, trigger factor (ropA), and 
5 nucleoside diphosphate kinase. These proteins are either recognized by 

antibodies present in sera of S. uberis infected animals, indicating that these 
proteins are expressed in vivo and are immunogenic in cows, or are cross- 
reactive between at least two strains of S. uberis as depicted in Table 5. The 
numbering of proteins above, characterized for instance in Table 5, refers to 
10 the proteins depicted in for instance Tables 1, 2 and 3 which show non-limiting 
examples of S. uberis common surface proteins . Further, Figure 4 shows non- 
limiting examples of nucleic acid and amino acid sequences of these selected 
putative surface proteins/virulence factors of S. uberis, 

15 Proteins that are highly conserved, expressed in vivo and highly 

immunogenic, such as proteins that are recognized by convalescent sera from 
cows infected with different strains as shown in Example 11, are especially 
useful in an immunogenic composition according to the invention. In an even 
more preferred embodiment therefore, the selection of proteins from Table 5 

20 and/or 6 comprises a protein selected from the group consisting of P15, P16, 
P20, P27, P54, P28, P63, P68, P93, and P105. Most preferably, the selection of 
proteins from Table 5 and/or Table 6 comprises a protein selected from the 
group consisting of P15, P16, P54, P28, P63, and P105. As shown in Example 
11, the latter selection was recognized by all convalescent sera used, indicating 

25 that these antigens are expressed by all S. uberis strains that cause the 

respective infection, that these antigens are expressed during infection in the 
host and that these antigens are highly immunogenic. 
Yet another embodiment provides an immunogenic composition capable of 
eliciting an immune response against at least two strains and/or serotypes of 

30 Streptococcus comprising at least one nucleic acid molecule encoding at least 
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one protein obtainable by a method of the invention, or an immunogenic part, 
derivative and/or analogue of said protein. Upon administration of said 
immunogenic composition to an animal, said nucleic acid molecule is expressed 
by the animal's machinery, resulting in expressipn of at least one protein 
5 and/or immunogenic part, derivative and/or analogue according to the 
invention. The production and, optionally, extracellular excretion of said 
protein and/or immunogenic part, derivative and/or analogue results in an 
immune response. 

10 In one embodiment a protein of the invention and/or an immunogenic part, 
derivative and/or analogue thereof is produced recombinantly. The invention 
provides a method for producing an immunogenic composition capable of 
eliciting an immune response against at least two strains and/or serotypes of 
Streptococcus, said method comprising providing a cell or another expression 

15 system with at least one recombinant vector, said at least one vector 

comprising a nucleic acid sequence encoding at least one protein obtainable by 
a method of the invention and/or at least one protein selected from Table 5 
and/or 6, and/or an immunogenic part, derivative and/or analogue of said 
protein. Suitable expression systems are known in the art. In one embodiment 

20 at least one nucleic acid sequence encoding one protein of the invention or an 
immunogenic part thereof is expressed. In another embodiment at least one 
nucleic acid molecule encoding at least two proteins and/or immunogenic parts 
is used. It is also possible to use at least two nucleic acid molecules, each 
nucleic acid molecule encoding one or more proteins and/or immunogenic parts 

25 according to the invention, et cetera. For instance, one nucleic acid molecule 
encoding (at least) one protein and one nucleic acid molecule encoding (at 
least) one immunogenic part are suitable. Hence, variations of the number of 
nucleic acid molecules and the number of proteins and/or immunogenic parts 
encoded by said nucleic acid molecules are possible. 
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A nueleic acid sequence of the invention is for example inserted into the 
genome of a cell by homologous recombination. It is also possible to insert a 
nucleic acid sequence at random, for instance by electroporation. Alternatively, 
or additionally, said nucleic acid sequence is placed into a vector such as for 
5 instance a plasmid vector or a phage vector, which vector is stable in a selected 
expression system such as a microorganism and/or a cell. Said nucleic acid 
sequence of the invention is preferably transcribed and translated under the 
control of a regulatory sequence such as for instance a promoter, enhancer 
and/or terminator. Preferably said promoter, enhancer and/or terminator is 

10 suitable for use in the selected expression system. More preferably, said 
regulatory sequence is inducible in order to allow for controlled expression. 
Promoters and terminators suitable for various micro-organisms are disclosed 
in (Biseibutsugaku Kisokoza (Basic Microbiology), Vol. 8, Genetic Technology, 
Kypritsu Shuppan (1990)). For example, suitable plasmid vectors for 

15 Escherichia, more specifically for Escherichia coli are the plasmids of the pBR 
and pUC series, and suitable promoters for instance comprise lac promoter (B- 
galactosidase), trp operon (tryptofaan operon), and tac promoter (lac-trp 
hybride promoter) and promoters derived from A-faag PL or PR. Preferred 
terminators comprise trpA- or phage derived rrnB ribosomal terminator. 

20 Plasmid vectors suitable for recombinant production in Streptococcus comprise 
for example pHV1301 (FEMS Microbiol. Lett. 26, 239 (1985)) and pGKl (Appl. 
Environ. Microbiol. 50, 94 (1985)). 

The invention thus provides a recombinant nucleic acid molecule comprising a 
25 nucleic acid sequence encoding at least two Streptococcus proteins obtainable 
by a method of the invention and/or selected from Table 5 and/or 6, and/or an 
immunogenic part of at least one of said proteins, under the control of a 
functionally linked regulatory sequence such as for instance a promoter. An 
isolated host cell comprising a nucleic acid sequence encoding at least two 
30 proteins obtainable by a method of the invention and/or selected from Table 5 
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and/or 6, and/or an immunogenic part thereof, is also herewith provided. Said 
host cell preferably comprises a prokaryotic host cell. 

In a preferred embodiment a nucleic acid molecule of the invention is used for 
5 eliciting an immune response against Streptococcus. This is preferably 

performed with a recombinant carrier comprising a nucleic acid encoding at 
least one protein obtainable by a method of the invention and/or selected from 
Table 5 and/or 6 and/or an immunogenic part of said at least one protein, or a 
recombinant nucleic acid molecule of the invention. Said recombinant carrier is 
10 therefore also herewith provided. Most preferably a recombinant carrier 

comprising a nucleic acid encoding at least one protein selected from Table 5 
and/or 6 is provided. In one particularly preferred embodiment said 
recombinant carrier comprises a nucleic acid encoding at least two proteins 
selected from Table 5 and/or 6. In one embodiment, said recombinant carrier is 
15 allowed to produce at least one protein of the invention, after which a 

combination of the at least one recombinant protein and the carrier itself is 
used for eliciting an immune response against at least two Streptococcus 
strains and/or serotypes. In one embodiment a killed recombinant carrier of 
the invention is provided. One preferred embodiment however provides a live 
20 recombinant carrier of the invention. In one embodiment said live carrier is an 
attenuated carrier. A live carrier of the invention is preferably capable of 
infecting a human individual and/or a non-human animal, after which an 
immune response against at least two strains and/or serotypes of Streptococcus 
is elicited. 

25 A recombinant carrier of the invention preferably comprises a Streptococcus 
species. This way an immune response directed against Streptococcus is both 
elicited by the protein(s) and/or immunogenic part(s), derivative(s) and/or 
analogue(s) encoded by said carrier, and by said recombinant carrier itself. 
Capsular gene expression products of Streptococcus are often highly 

30 immunogenic and serotype-specific. Hence, the presence of capsular gene 
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expression products hampers the induction of an immune response directed 
against various different strains and/or serotypes of Streptococcus. In one 
embodiment, therefore, if a recombinant carrier of the invention comprises a 
Streptococcus, said Streptococcus is lacking at least part of a capsular gene 
5 expression product. In one embodiment said Streptococcus is a non-capsular 
streptococcus. 

As described above, immunization with at least two proteins and/or 
immunogenic parts, derivatives and/or analogues derived from at least two 

10 different Streptococcus strains and/or serotypes provides a broad protection 
and diminishes the chance of the formation of escape mutants. A preferred 
embodiment of the invention therefore provides a recombinant carrier of the 
invention comprising a nucleic acid sequence encoding at least one protein 
and/or immunogenic part thereof derived from a first Streptococcus strain 

15 and/or serotype, and a nucleic acid sequence encoding at least one protein 
and/or immunogenic part thereof derived from a second Streptococcus strain 
and/or serotype. Said recombinant carrier preferably comprises a live 
recombinant carrier. 

20 A recombinant carrier is for instance produced in a suitable host cell. An 

isolated host cell comprising a recombinant carrier of the invention is therefore 
also provided. 

A recombinant carrier of the invention is suitable for the production of an 
immunogenic composition capable of eliciting an immune response against at 
25 least two strains and/or serotypes of Streptococcus. An immunogenic 

composition capable of eliciting an immune response against Streptococcus, 
said composition comprising a recombinant carrier of the invention is therefore 
also provided herein. 
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After administration of an immunogenic composition of the invention to a 
human individual and/or a non-human animal, an immune response against 
Streptococcus is elicited. Said immune response is preferably capable of at 
least in part counteracting a Streptococcus related disease. An immunogenic 
5 composition of the invention for use as a medicament is therefore also 
herewith provided, as well as a use of an immunogenic composition of the 
invention for the preparation of a medicament against a Streptococcus related 
disease. 

An immunogenic composition of the invention is also suitable for the 
10 production of a vaccine. Said vaccine is preferably capable of at least in part 
providing protection against a Streptococcus related disease. Preferably, said 
vaccine is capable of providing protection against a Streptococcus infection. 
The invention therefore provides a use of an immunogenic composition of the 
invention for the preparation of a vaccine. 

15 

A protein, immunogenic part, derivative, analogue and/or recombinant carrier 
of the invention is preferably administered to a human individual and/or non- 
human animal together with a suitable carrier. Said carrier preferably 
facilitates the acceptance by said human individual and/or animal of said 

20 protein, immunogenic part, derivative, analogue and/or recombinant carrier of 
the invention and preferably increases the immunogenic effect. A suitable 
carrier of the invention for instance comprises a suitable adjuvant capable of 
increasing an immunising effect of an immunogenic composition of the 
invention. Many suitable adjuvants, oil-based and water-based, are known to a 

25 person skilled in the art. In one embodiment said adjuvant comprises Diluvac 
Forte and/or Specol. In another embodiment, said suitable carrier comprises a 
solution like for example saline, for instance for diluting proteins or 
immunogenic parts, derivatives and/or analogues thereof. Therefore, the 
present invention also discloses an immunogenic composition of the invention 
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comprising at least one protein, immunogenic part, derivative, analogue and/or 
recombinant carrier of the invention and a suitable carrier. 

An immunogenic composition of the invention is capable of eliciting an 
5 immune response against Streptococcus in a human individual and/or non- 
human animal and thereby decreasing and/or controlling the number of 
Streptococcus organisms in said individual and/or animal. The invention 
therefore provides a method for decreasing and/or controlling the number of 
Streptococcus organisms in a human individual and/or non-human animal 
10 comprising providing said individual and/or non-human animal with an 
immunogenic composition of the invention. 

An immunogenic composition of the invention is preferably capable of at least 
in part counteracting and/or preventing a Streptococcus related disease. Once a 
15 Streptococcus related disease is already present, an immunogenic composition 
of the invention is preferably capable of at least in part counteracting said 
disease. A pharmaceutical composition comprising an immunogenic 
composition of the invention and, preferably, a suitable carrier such as for 
instance Diluvac Forte and/or Specol is therefore also herewith provided. 

20 

A further embodiment of the invention provides a method for measuring the 
immunity of a human individual and/or non-human animal against 
Streptococcus, said method comprising determining in at least one sample from 
said individual and/or animal the presence of antibodies and/or immune cells 

25 directed against a protein obtainable by a method of the invention and/or 

selected from Table 5 and/or 6, or an immunogenic part thereof. A diagnostic 
kit comprising at least one protein obtainable by a method of the invention 
and/or selected from Table 5 and/or 6, or an immunogenic part thereof, and a 
means for detecting antibody binding and/or immune cell binding to said 

30 protein or immunogenic part thereof is also herewith provided. In a 
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particularly preferred embodiment said diagnostic kit comprises at least two 
* proteins selected from Table 5 and/or 6. 

5 Detailed description 

A method according to the invention is in a preferred embodiment applied for 
identifying a Streptococcus uberis protein which is capable of eliciting an 
immune response against at least two strains and/or seroypes of Streptococcus 

10 uberis. Such Streptococcus uberis protein is preferably used for the preparation 
of an immunogenic composition capable of eliciting an immune response 
against at least two strains and/or serotypes of Streptococcus uberis. An 
immunogenic composition capable of eliciting an immune response against at 
least two strains and/or serotypes of Streptococcus uberis comprising at least 

15 one, preferably at least two, isolated and/or recombinant protein(s) obtainable 
by a method according to the present invention, or at least one immunogenic 
part, derivative and/or analogue thereof, is therefore also herewith provided, 
as well as uses thereof for the preparation of a medicament against 
Streptococcus uberis mastitis. The invention furthermore provides an isolated 

20 or recombinant nucleic acid molecule comprising a nucleic acid sequence 
encoding at least two Streptococcus uberis proteins obtainable by a method 
according to the present invention, and/or selected from Table 5 and/or 6. 
Further provided are recombinant carriers, host cells and immunogenic 
compositions comprising said nucleic acid, as well as uses thereof. 

25 

Streptococcus uberis is associated with bovine mastitis. Bovine mastitis is an 
infection of the mammary gland of a cow, usually caused by bacteria. The 
inflammatory response following infection results in decreased yield and 
quality of the milk, and causes major annual economic losses to the dairy 
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industry. The economic damage in the Netherlands is estimated to be around 
100 Euro per cow per year. 

Among the bacterial species most commonly associated with mastitis are 
various species of the genus Streptococcus, including Streptococcus uberis 
5 (untypeable), Streptococcus agalactia* (Lancefield group B), Streptococcus 
dysgalactiae (Lancefield group C), Streptococcus zooepidemicus, and the 
Lancefield groups D, G, L and N streptococci. Some of those species are 
contagious (e.g. S. agalactiae), while others are considered environmental 
pathogens (e.g. S. dysgalactiae and S.uberis). 

10 

Mastitis resulting from infection with S.uberis is commonly sub-clinical, 
characterized by apparently normal milk with an increase in somatic cell 
counts due to the influx of leukocytes. 

Mastitis varies in severity according to the clinical effects caused by the 

15 infection. A mild form of mastitis may cause some rise in body temperature, 
and/or increase in temperature of the udder. In more severe cases, S.uberis 
mastitis may also take the form of an acute clinical condition, with obvious 
signs of disease such as clots or discoloration of the milk and swelling or 
hardness of the mammary gland. Some cases of the clinical disease can be 

20 severe and pyrexia may be present. For a review of the clinical manifestations 
of S.uberis mastitis, see Bramley (1991); and Schalm et al. (1971). 
Conventional antibacterial control methods such as teat dipping and antibiotic 
therapy are effective in the control of many types of contagious mastitis, but 
the environmental organisms typically found in all dairy barns are often 

25 resistant to such measures. These measures have therefore not influenced the 
incidence of mastitis caused by environmental pathogens such as Streptococcus 
uberis and Escherichia coli that are now responsible for over 95% of cases of 
mastitis. From these two species, S.uberis is the most important 
environmental pathogen, as shown by surveys executed in the United 

30 Kingdom (Hillerton et al., 1993), in New Zealand (McDougall, 1998), in the US 
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(Hogan et al., 1989), and in the Netherlands (Animal Health Service, 2000). 
There is also evidence that S.uberis, once infection is established from the 
environment, can directly spread from an infected cow to a susceptible animal 
(Neave et al., 1969, Oliver et al., 1999, Zadoks et al., 2001). There are several 
5 strains of S.uberis that differ in virulence and antigenicity. 

The failure of current methods aiming at S.uberis mastitis control has led to 
the search for alternative control measures such as more effective vaccines. 
Several types of vaccines have been developed up to now and have been tested 
in cows. 

10 Repeated immunization of dairy cattle with killed whole bacteria resulted in 
reduction of the number of bacteria present in the milk following experimental 
challenge with the same strain (Leigh, 1999; Leigh, 2000). The killed vaccine 
did however not prevent the infection nor the inflammatory response in the 
mammary gland, and had no effect on the incidence of S.uberis mastitis in the 

15 field (Leigh, 1999). Therefore, it was concluded that immunization with killed 
bacteria was not a solution to the problem of S.uberis mastitis. 
Immunization with live S.uberis induced partial protection against 
experimental challenge with the same (or homologous) strain (Finch et al., 
1997). Protection was achieved in the absence of opsonising activity and 

20 without a large influx of neutrophils. However, the vaccine did not seem to 
protect against other S.uberis strains. The relative low success with these 
whole cell vaccine approaches indicates that it is difficult to protect an animal 
against S.uberis using conventional whole bacteria vaccines. 
More recently, a subunit vaccine was produced, based on one protein of 

25 S. uberis. (Fontaine et al 2002). The publication of said subunit vaccine has up 
to now not led to a follow up, which has led to the conclusion that the chances 
on finding a single protein that will protect an animal against several types of 
S.uberis are small and subunit vaccines of this kind generally are not the 
answer to the problem of controlling S.uberis mastitis. 
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In summary, mastitis caused by S.uberis is not effectively prevented or cured 
by vaccination with either whole, life or killed bacteria or with a subunit 
vaccine comprising one protein. 

5 Despite the above-described discouraging results of vaccination against 

S.uberis mastitis, we here disclose that mastitis caused by a variety of S.uberis 
strains is successfully prevented and/or diminished by using an antigenic 
composition capable of eliciting an immune response against S. uberis 
according to the invention. 
10 The present invention provides a method for identifying a Streptococcus uberis 
protein which is capable of eliciting an immune response against at least two 
Streptococcus uberis strains and/or types, the method comprising: 

a) identifying at least part of a secreted protein, a surface-associated protein 
and/or a protein which has at least 50% sequence identity to a bacterial 

15 virulence factor; 

b) selecting at least one protein identified in step a) which is conserved over at 
least two Streptococcus uberis strains and/or types; and 

c) determining whether at least one protein selected in step b) or an 
immunogenic part, derivative and/or analogue thereof is capable of specifically 

20 binding an antibody and/or immune cell of an animal infected by a first 

Streptococcus uberis strain and/or type, and an antibody and/or immune cell of 
an animal infected by a second Streptococcus uberis strain and/or type. 
Preferably, said protein which has at least 50% sequence identity to a bacterial 
virulence factor has at least 60%, more preferably at least 70 %, more 

25 preferably at least 75%, most preferably at least 80% sequence identity to a 
bacterial virulence factor. 

The present invention furthermore discloses that a combination of at least two 
isolated or recombinant S.uberis surface proteins or an immunogenic part 
30 thereof in an antigenic composition enhances the immune response against 
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S.uberis strains considerably. Whereas whole bacterial cell vaccines, 
comprising many bacterial immunogenic proteins do not elicit a broad 
protection against various S.uberis strains, two or more proteins or an 
immunogenic part thereof in an immunogenic composition of the invention 
5 have the desired effect of enhancing the immune response against S.uberis. We 
disclose in the present invention that selecting at least two immunogenic 
proteins or an immunogenic part thereof of a S.uberis organism, and 
preferably of at least two strains or types of S.uberis organisms and combining 
said at least two immunogenic proteins or an immunogenic part thereof in a 
10 immunogenic composition enhances the immunity against different strains of 
S.uberis because the immune response is directed against a broader range of 
different S.uberis organisms. 

For eliciting an immune response in a subject or an animal, preferably an 
immunogenic part of a protein is presented to said subject or animal. In this 

15 invention, the term "immunogenic site" is used interchangeably with the term 
"immunogenic part". By "immunogenic part or site" is meant a part of a 
protein, which is capable of eliciting an immunological response in a subject. 
Preferably said immunogenic part of a protein comprises one or more epitopes 
and thus elicits an immunological response. An immunogenic part comprises 

20 at least 5 amino acids, preferably at least 10-15, and most preferably 25 or 

more consecutive amino acids. Therefore, the invention in another embodiment 
provides a protein or an immunogenic part thereof comprising at least a 
stretch of 30 consecutive amino acids of a proteinaceous molecule encoded by a 
nucleic acid according to the invention. A conformational epitope is generally 

25 formed by several stretches of consecutive amino acids that are folded in 
position and together form an epitope when the protein takes on its three 
dimensional structure. The present invention also discloses the use of 
conformational epitopes as immunogenic parts. 

A derivative of a protein is defined as a protein, which has the same kind of 
30 immunogenic properties in kind, not necessarily in amount. A person skilled in 
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the art is capable of altering a protein such that the immunogenic properties of 
said molecule are essentially the same in kind, not necessarily in amount. A 
derivative of a protein can be provided in many ways, for instance through 
conservative amino acid substitution, for example by replacement of one amino 
5 acid in a protein by another amino acid. In conventional replacement mapping, 
preferably conservative changes are made, like for example replacement of an 
amino acid comprising an acidic side chain by another amino acid comprising 
an acidic side chain, bulky amino acids by bulky amino acids, amino acids 
comprising a basic side chain by amino acids comprising a basic side chain, 

10 amino acids comprising an uncharged polar side chain by amino acids 

comprising an uncharged polar side chain, and amino acids comprising an 
nonpolar side chain by amino acids comprising an nonpolar side chain. A 
person skilled in the art is well able to generate analogous compounds of a 
protein. This is for instance done through screening of a peptide library or by 

15 peptide changing programs. For use as an immunogen, a peptide is 

synthesized with the proper characteristics to insure high probability of 
success in antibody production. These include a C-terminal free earboxyl group 
if the peptide is the actual C-terminal sequence of the native protein and a free 
N-terminal amino group if the peptide is the actual N-terminal sequence of the 

20 native protein. Such an analogue has essentially the same immunogenic 
properties of said protein in kind, not necessarily in amount. 
A protein or peptide is subject to degradation by a number of different forces, 
such as for example proteolysis, unfolding, extreme pH values, detergents and 
high salt concentrations. To prolongue the life of a recombinant protein or 

25 peptide, said protein or peptide is made more stable to withstand degradation, 
for example by synthesizing said peptide with a C-terminal carboxamide 
and/or acetylating the N-terminal end in order to maintain the native charge 
characteristics. This is further done by mutations using a stabilizing mutation 
strategy to inhibit the local unfolding processes that generally render the 

30 protein susceptible to autolysis. Said stabilizing mutation strategy is based on 
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generally accepted principles of protein structure and stability as described by 
for example Matthews (1.991), Alber (1989), Vriend and Eijsink (1993) and 
Fersht and Serrano (1993). 

In one embodiment an immunogenic composition of the invention comprises a 

5 composition comprising at least two recombinant or isolated surface proteins 
or a derivative or an analogue, and/or immunogenic parts thereof, wherein 
administration of the composition to a subject or an animal, preferably a cow, 
results in the development of a humoral and/or a cellular immune response to 
said surface proteins or immunogenic parts thereof. 

10 An immunological response comprises the development of a humoral and/or a 
cellular immune response directed against said protein or immunogenic part 
thereof in a subject or an animal, preferably a cow. A humoral immune 
response leads to the production of antibodies in a subject or an animal, 
whereas the cellular immune response predominantly enhances the formation 

15 of reactive immune cells. In general, both parts of the immune response are 
elicited by administration of an immunogenic protein or part thereof. A 
preferred immune response against S.uberis is antibody production. 
Preferably, said immune response prevents and/or decreases mastitis, and/or 
decreases the number of S.uberis organisms in the udder. The present 

20 invention discloses methods to select and produce proteins and epitopes for 
eliciting said antibody response. Another preferred immune response against 
S.uberis is the cellular immune response. The present invention also discloses 
methods to select T-cell epitopes of surface proteins, and to produce T-cell 
epitopes causing an enhanced T-cell reactivity, for example by coupling 

25 multiple pre-selected T-cell epitopes in a string-of bead fashion as for example 
described by Van der Burg et al (WO 97/41440). 

In one embodiment of the invention, said immunogenic composition is capable 
of decreasing the duration and/or severity of the infection and/or increasing the 
resistance of the animal to S.uberis infection. 
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The present invention discloses that an immune response directed against the 
outside of S.uberis is preferred. Therefore, the present invention discloses an 
immunogenic composition or an immunogenic part thereof that is capable of 
eliciting an immune response to antigens that are preferably located in or near 
5 the cell surface of S.uberis, A surface protein of the invention comprises 
proteins that are in nature preferably near or on the surface of a S.uberis 
bacterium, and/or proteins that are in nature preferably produced and/or 
excreted extracellular by an S.uberis bacterium. Said surface proteins 
preferably have homologous proteins in other strains of S.uberis. Therefore, 

10 the immune response elicited with immunogenic proteins or parts thereof, 
derived from one strain of S.uberis, is also effective against other strains of 
S.uberis. Thus the present invention discloses an immunogenic composition 
capable of eliciting an immune response against S.uberis, said composition 
comprising at least two recombinant and/or isolated surface proteins derived 

15 from Streptococcus uberis, and/or an immunogenic part of either or both of said 
proteins. 

The term: "recombinant protein" refers to a protein produced by recombinant 
DNA techniques; i.e., produced by a cell transformed by a nucleic acid 
construct encoding the desired protein. Said nucleic acid construct is for 
20 example a recombinant DNA construct with a regulatory sequence such as a 
promoter and/or a terminator sequence, and/or an enhancer sequence, which 
controls the expression sequence. 

The term: "isolated protein" refers to a protein separate and discrete from the 
whole organism, with which the molecule is found in nature; and/or a protein 

25 devoid, in whole or in part, of substances normally associated with it in nature. 
Said immunogenic composition comprises either at least two proteins or an 
immunogenic part thereof derived from the same S.uberis organism or it 
comprises at least one protein or an immunogenic part thereof from one type of 
S.uberis and at least one protein or an immunogenic part thereof from another 

30 type of S.uberis. The invention also discloses the combination of at least 3 or 4 
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or more proteins or an immunogenic part thereof, of which one or two or more 
are derived from other types of S.uberis. 

Preferably, the immunogenic composition or an immunogenic part thereof of 
the invention comprises proteins of at least two different S.uberis organisms, 
5 because the resulting broad immune response is cross-protecting i.e. is directed 
against different types of S.uberis. Furthermore, the use of immunogenic 
proteins or an immunogenic part thereof of at least two types of S.uberis 
strains decreases the chances of development of escape mutants of S.uberis 
organisms. Escape mutants of bacterial organisms generally develop under 

10 environmental stress, for example in the presence of an antibiotic or in the. 
presence of antibodies against an epitope of said organism. By natural 
variation such as for example caused by a low mutation frequency in the 
population of an organism, some organisms of said population are more 
inhibited in their replication by said antibodies, than others, which escape 

15 from the inhibitory effect of the presence of said antibodies and keep 

multiplicating, thereby obtaining a predominant role in the new population. 
The chance of development of an escape mutant for several different epitopes 
at one time is smaller than the chance of development of an escape mutant for 
only one epitope. An immunogenic composition and/or an immunogenic part 

20 thereof preferably elicits an immune response against at least two proteins 

preferably causing a broad protection against infection and decrease of clinical 
signs of mastitis. Therefore, the present application provides an immunogenic 
composition capable of eliciting an immune response against Streptococcus 
uberis comprising at least two recombinant and/or isolated surface proteins 

25 derived from at least one Streptococcus uberis strain, and/or an immunogenic 
part or analogue or derivative of either or both of said proteins. 
Proteins that are important for the metabolism or survival or multiplication of 
a bacterial organism are generally known as essential proteins of an organism. 
The sequence and function of said essential proteins is generally rather 

30 conserved between different types of S.uberis. In a preferred embodiment of 
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the invention, said immunogenic proteins are essential proteins of an S.uberis. 
In this way, the immune response is directed against an essential protein or an 
immunogenic part thereof, thus forming an defence against an homologous 
S.uberis organism, but also a cross-reactive defence against different types of 
5 S.uberis, because said conserved protein or essential protein is also present on 
the surface of other types of S.uberis. Therefore, the use of an essential surface 
protein of an S.uberis organism as an immunogenic protein of the invention 
increases the protective efficacy of the immune response against infection with 
different types of S.uberis organisms and decreases the possibility of said 

10 organisms to escape the immune response. 

Capsular antigens of S.uberis are generally good immunogenic epitopes, 
because capsular antigens are readily detected by convalescent sera of cows, 
(which have endured an S.uberis mastitis). Said immunogenic properties are 
capable of enhancing the immune response against related S.uberis 

15 immunogenic epitopes. Therefore, in another embodiment, the immunogenic 
composition comprises at least one capsular antigen in addition to the 
immunogenic proteins, because said capsular antigen increases the immune 
response against said immunogenic composition. 

The present patent application discloses in Table 5 and Table 6 preferred 
20 recombinant and or isolated surface proteins derived from S.uberis and 

selected for their capability of eliciting an immune response against different 
strains of S.uberis. Therefore, the present application provides an 
immunogenic composition of the invention, and/or an immunogenic part or 
analogue or derivative of either or both of said proteins wherein at least two 
25 proteins are selected from Table 5 and/or Table 6. 

In a preferred embodiment of the invention, a selection is made from the 
proteins of Table 5 and/or Table 6 and a combination is made of two or more 
proteins like for example protein no 63 and/or an immunogenic part thereof 
from S.uberis strain O140J, together with protein no 15 or 22 and/or both 
30 and/or an immunogenic part thereof from S.uberis strain 41-241. Such a 



WO 2009/020391 



35 



PCT/NL2008/050537 



selection provides proteins or immunogenic parts thereof from two different 
strains of S.uberis, thereby providing broad protection for several strains of 
S.uberis. 

In a preferred embodiment the selection of proteins from Table 5 and/or Table 
5 6 comprises a protein selected from the group consisting of P15, P16, P17, P19, 
P2D, P22, P27, P54, P28, P63, P64, P68, P75, P81, P93, P100, and P105. As 
said before,these proteins are either recognized by antibodies present in sera of 
S, uberis infected animals, indicating that these proteins are expressed in vivo 
and are immunogenic in cows, or are cross-reactive between at least two 

10 strains of S. uberis as depicted in Table 5. 

The proteins as identified in Example 11, are especially useful for 
eliciting an immune response. In an even more preferred embodiment 
therefore, the selection of proteins from Table 5 and/or 6 comprise a protein 
selected from the group consisting of P15, P16, P20, P27, P54, P28, P63, P68, 

15 P93, and P105. Most preferably, the selection of proteins from Table 5 and/or 
Table 6 comprises a protein selected from the group consisting of P15, P16, 
P54, P28, P63, and P105. As said before, the latter selection of proteins is 
expressed by all S. uberis strains that cause the respective infection of 
Example 11, are expressed during infection in the host and are highly 

20 immunogenic. The numbering of proteins above, characterized for instance in 
Table 5, refers to the proteins depicted in for instance Tables 1, 2 and 3 which 
show non-limiting examples of & uberis common surface proteins. Further, 
Figure 4 shows non-limiting examples of nucleic acid and amino acid 
sequences of these selected putative surface proteins/virulence factors of S. 

25 uberis. 

A low number of bacteria in the milk or on or in an udder is often found under 
field conditions and does not need to be harmful to an animal. Mastitis may 
develop when the number of bacteria, for example S.uberis organisms, 
30 increases in the milk or in the udder. An immune response, elicited by proteins 
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or immunogenic parts thereof according to the invention, is preferably effective 
in inhibiting at least in part the bacterial growth of Streptococcus uberis 
organisms in an udder. Decreasing the numbers of S. uberis organisms in the 
direct environment also helps preventing mastitis. The present invention 
5 discloses how to prevent and/or decrease S.uberis mastitis by immunising the 
cows, thereby keeping the number of S. uberis organisms low. Said low level of 
S. uberis organisms is further kept low by applying a hygienic regime at 
milking for example by cleaning the udder, the teats, and all apparatuses that 
come into contact with the udder and/or the teats. 

10 Recombinant and/or isolated surface proteins derived from S.uberis, as 

provided by the invention, are in one embodiment produced by a production 
system using a prokaryotic cell or a eukaryotic cell. Examples of cells with a 
well developed host/vector systems for production of recombinant protein are 
for example for the bacteria: Escherichia, Bacillus, Pseudomonas, Serratia, 

15 Brevibacterium, Corynebacterium, Streptococcus and Lactobacillus; and for the 
yeasts: Saccharomyces, Kluyveromyces, Schizosaccharomyces, 
Zygosaccharomyces, Yarrowia, Trichosporon, Rhodosporidium, Hansenula, 
Pichia and Candida; and for the fungi: Neurospora, Aspergillus, 
Cephalosporium en Trichoderma. 

20 For production of a recombinant protein of interest, the gene, encoding said 
protein or part thereof is either integrated in the genome for example by 
homologous recombination or at random, or said gene is placed in a plasmid 
vector or in a phage vector, which is stably maintained and expressed in the 
selected microorganism or cell. For the expression of the selected DNA 

25 construct in the microorganism or cell, the gene is transcribed and translated 
under the control of a promoter and a terminator. Preferably said promoter 
and terminator are suitable for the selected microorganism. Promoters and 
terminators suitable for various micro-organisms are disclosed in 
"Biseibutsugaku Kisokoza (Basic Microbiology), Vol. 8, Genetic Technology, 

30 Kyoritsu Shuppan (1990)", and those preferred for yeasts in "Adv. Biochem. 
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Eng. 43, 75-102 (1990)" and in "Yeast 8, 423-488 (1992)". For example, suitable 
plasmid vectors for Escherichia, more specifically for Escherichia coli are the 
plasmids of the pBR and pUC series, and suitable promoters comprise lac 
promoter (B-galactosidase), trp operon (tryptofaan operon), and tac promoter 
5 (lac-trp hybride promoter) and promoters derived from A-faag PL or PR. 
Preferred terminators comprise trpA- or phage derived rrnB ribosomal 
terminator. Plasmid vectors suitable for recombinant production in 
Streptococcus comprise for example pHVl301 (FEMS Microbiol. Lett. 26, 239 
(1985)) and pGKl (Appl. Environ. Microbiol. 50, 94 (1985)). Plasmid vectors 

10 suitable for recombinant production in Lactobacillus comprise for example 
those disclosed for Streptococcus, like for example pAMBl (J. Bacteriol. 137, 
614 (1979)). Plasmid vectors suitable for recombinant production in 
Saccharomyces, preferably Saccharomyces cerevisiae, comprise for example 
vectors of the series YRp, YEp, YCp en Yip. An integration vector (EP5327456) 

15 constructed by applying homologous recombination of ribosomal DNA with 

multicopy in the chromosome is suitable for the insertion of multicopy and for 
stable gene control. Plasmid vectors suitable for recombinant production in 
Kluyveromyces, preferably Kluyveromyces lactis, comprise for example the 2 
jim plasmid series derived from Saccharomyces cerevisiae, plasmids of the 

20 pKDl series (J. Bacteriol. 145, 382-390 (1981)), and pGKll-derived plasmid 
involved in killer activity, plasmid of the KARS series with the autonomous 
replication gene of Kluyveromyces and an integration vector (EP 537456). 
Plasmid vectors suitable for recombinant production in Pichia comprise for 
example the host vector system developed in Pichia pastoris using a gene, 

25 which is involved in autonomous replication in Pichia (Mol. Cell. Biol. 5, 3376 
(1985). Plasmid vectors suitable for recombinant production in Candida 
comprise for example the host vector system developed in Candida maltosa, 
Candida albicans and Candida tropicalis. (Agri. Biol. Chem. 51, 51, 1587 
(1987). Plasmid vectors suitable for recombinant production in Aspergillus, 

30 comprise for example a vector constructed by integration of the gene in the 
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plasmid or chromosome and the promoter for extracellular protease or amylase 
(Trends in Biotechnology 7, 283-287 (1989)). Plasmid vectors suitable for 
recombinant production in Trichoderma comprise for example the host vector 
system developed in Trichoderma reesei, and the promoter for extracellular 
5 cellulase, which is suitable for construction of the vector (Biotechnology 7, 596- 
603 (1989)). 

Preferably, said production system is provided with a nucleic acid construct, 
preferably a DNA construct, encoding for a protein of Table 5 and/or Table 6 or 
an immunogenic part thereof. 
10 In another embodiment, said production system is provided with a DNA 
construct encoding for two or three or four or even more proteins of Table 5 
and/or Table 6, or an immunogenic part thereof. 

In yet another embodiment, said production system is provided with at least 
two DNA constructs, each encoding for at least one protein of Table 5 and/or 

15 Table 6, or an immunogenic part thereof. 

In a preferred embodiment, said protein of Table 5 and/or 6 is selected from 
the group consisting of P15, P16, P17, P19, P20, P22, P27, P54, P28, P63, P64, 
P68, P75, P81, P93, P100, and P105. Even more preferred said protein of Table 
5 and/or 6 is selected from the group consisting of P15, P16, P20, P27, P54, 

20 P28, P63, P68, P93, and P105. Most preferred, said protein of Table 5 and/or 6 
is selected from the group consisting of P15, P16, P54, P28, P63, and P105. 

In a more preferred embodiment, said nucleic acid construct encodes for a 
fusion protein, comprising immunogenic epitopes derived from more than one 

25 protein of S.uberis. More preferably, said fusion protein comprises epitopes 
derived from proteins derived from more than one S.uberis strain. 
In another embodiment of the invention said nucleic acid construct encodes for 
epitopes, which have been modified to enhance the humoral and/or cellular 
immune response. Therefore, the present application provides a method for 

30 producing an immunogenic composition comprising at least two proteins of 
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S.uberis capable of eliciting an immune response against Streptococcus uteris, 
said method comprising providing a cell with a recombinant vector, said vector 
comprising a nucleic acid encoding at least two proteins as listed in Table 5 
and/or Table 6, and/or an immunogenic part or analogue or derivative of either 
5 or both of said proteins. For recombinant production of a protein from a nucleic 
acid, said nucleic acid is preferably placed under the control of an inducible 
regulatory sequence capable of enhancing the expression of said protein, 
preferably resulting in a higher protein yield. Preferably the accumulation of 
said recombinant protein or immunogenic part thereof is either cytoplasmic, 
10 for example in those cases wherein the produced recombinant protein is 
harvested from the cells, or the protein is excreted, for example when the 
produced protein is harvested from the culture fluid. Therefore, the 
recombinant construct encoding said immunogenic protein is provided with the 
correct regulatory sequences and/or a functionally linked promoter for 
15 intracellular or extracellular accumulation. 

Therefore, the present invention provides a recombinant molecule comprising 
a nucleic acid sequence encoding at least two proteins as listed in Table 5 
and/or Table 6, and/or an immunogenic part or analogue or derivative of either 
or both of said proteins under the control of a functionally linked promoter. 
20 In a preferred embodiment, said protein as listed in Table 5 and/or 6 is 

selected from the group consisting of P15, P16, P17, P19, P20, P22, P27, P54, 
P28, P63, P64, P68, P75, P81, P93, P100, and P105. Even more preferred said 
protein as listed in Table 5 and/or 6 is selected from the group consisting of 
P15, P16, P20, P27, P54, P28, P63, P68, P93, and P105. Most preferred, said 
25 protein as listed in Table 5 and/or 6 is selected from the group consisting of 
P15, P16, P54, P28, P63, and P105. 

The application also provides a live recombinant carrier comprising a nucleic 
acid sequence of the invention or a recombinant DNA molecule of the 
30 invention. In a preferred embodiment, the carrier is a first S.uberis strain and 



WO 2009/020391 



40 



PCT/NL2008/050537 



the recombinant nucleic acid encodes immunogenic epitopes of another 
S.uberis strain. Therefore, the present invention provides a live recombinant 
carrier comprising a nucleic acid sequence encoding one or more proteins as 
listed in Table 5 and/or Table 6, and/or an immunogenic part or analogue or 
5 derivative of either or both of said proteins under the control of a functionally 
linked promoter. Of course, said live recombinant carrier is also immunogenic 
when killed. Therefore, the present invention also discloses a killed 
recombinant carrier. 

The application further provides an isolated host cell comprising a nucleic acid 

10 sequence encoding one or more proteins as listed in Table 5 and/or Table 6, 
and/or an immunogenic part or analogue or derivative of either or both of said 
proteins under the control of a functionally linked promoter. An isolated host 
cell for example comprises a bacterial cell such as for example: Escherichia, 
Bacillus, Pseudomonas, Serratia, Brevibacterium, Corynebacterium, 

15 Streptococcus uberis, Streptococcus suis, Lactobacillus, or a yeast such as for 
example: Saccharomyces, EJuyveromyces, Schizosaccharomyces, 
Zygosaccharomyces, Yarrowia, Trichosporon, Rhodosporidium, Hansenula, 
Pichia, Candida, or a fungus such as for example: Neurospora, Aspergillus, 
Cephalosporium, and /or Trichoderma. 

20 With the abovementioned isolated host cell comprising a recombinant molecule 
comprising a nucleic acid sequence encoding one or more proteins as listed in 
Table 5 and/or table 6, and/or an immunogenic part or analogue or derivative 
of either or both of said proteins under the control of a functionally linked 
promoter the present invention discloses to a skilled person how to produce a 

25 recombinant proteinaceous molecule. Because of variation between different 
S.uberis strains, proteins and peptides from various strains may show a slight 
variation in amino acid sequence and yet have the same function. Therefore, a 
proteinaceous molecule derived from one S.uberis strain has sequence identity 
to a functionally identical proteinaceous molecule of another S.uberis strain. 

30 "Sequence identity" refers to the percent sequence identity between two amino 
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acid sequences or nucleotide sequences after aligning the two sequences and 
introducing gaps, if necessary, to achieve the maximum percent sequence 
identity. Methods and computer programs for the alignment are well known in 
the art. One computer program which may be used or adapted for purposes of 
5 determining whether a candidate sequence falls within this definition is "Align 
2", authored by Genentech, Inc., which was filed with user documentation in 
the United States Copyright Office, Washington, D.C. 20559, on Dec. 10, 1991. 
Two amino acid sequences, have a high degree of "sequence identity" to each 
other when the sequences exhibit at least about 80%, preferably at least about 

10 90%, and most preferably at least about 95% sequence identity of the 

molecules after alignment. Therefore, the present application discloses an 
isolated and/or recombinant proteinaceous molecule that has at least 80% 
sequence identity to a protein encoded by a nucleic acid according the 
invention. In a preferred embodiment, the invention discloses an isolated 

15 and/or recombinant proteinaceous molecule that has at least 95% sequence 

identity to a proteinaceous molecule encoded by a nucleic acid according to the 
invention. 

To induce or elicit an immune response in an animal against a protein or an 
immunogenic part of the invention, said animal is provided with a protein 

20 and/or an immunogenic part that comprises at least one immunogenic site. An 
immunogenic part or site of a protein is formed by one or more epitopes and 
thus is capable of eliciting an immunological response. An immunogenic site 
comprises preferably at least 5 amino acids, more preferably at least 10-15, 
and most preferably 25 or more consecutive amino acids. The invention in 

25 another preferred embodiment provides a protein or an immunogenic part 
thereof comprising at least a stretch of 25 consecutive amino acids of a 
proteinaceous molecule encoded by a nucleic acid according to the invention. 
Preferably said stretch of at least 25 consecutive amino acids comprises an 
immunogenic site. A recombinant nucleic acid molecule in a preferred 

30 embodiment encodes for at least one protein or a fusion protein encoding for at 
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least two proteins or immunogenic parts thereof. In a preferred embodiment, 
said fusion protein comprises immunogenic parts of proteins of at least two 
strains of S. uteris. Therefore, the invention discloses a nucleic acid encoding a 
proteinaceous molecule according to the invention. 
5 Expression of said nucleic acid in a host cell provides an immunogenic protein 
of the invention. Said immunogenic protein is preferably incorporated into an 
immunogenic composition of the invention. Therefore, the present invention 
provides an immunogenic composition capable of eliciting an immune response 
against Streptococcus uberis, said composition comprising an isolated and/or 
10 recombinant proteinaceous molecule according to the invention. 

Said recombinant protein of the invention is produced by a host cell. As a host 
cell, bacterial species such as for example an E.coli and/or yeast or fungi or 
eukaryotic cells are used for the production. 

An immunogenic composition incorporating an isolated or recombinant 

15 protein, and/or a cell exposing said protein is capable of eliciting an immune 
response against Streptococcus uberis, when administered to an animal, 
preferably a cow. Preferably, said cell comprising a nucleic acid of the 
invention under a suitable regulatory sequence expresses said protein on the 
surface. Such a cell is called a carrier cell. Said carrier cell preferably is 

20 incorporated in the immunogenic composition of the invention. Preferably, said 
cell carrying said immunogenic protein is a live recombinant carrier, but in 
another embodiment said carrier cell is cap able of eliciting an immune 
response when the cell is killed by for example formalin treatment. Therefore, 
the present invention provides an immunogenic composition capable of 

25 eliciting an immune response against Streptococcus uberis, said composition 
comprising a live or killed recombinant carrier of the invention. Because a 
cause of mastitis in cows is Streptococcus uberis, in a preferred embodiment of 
the invention, said live or killed recombinant carrier is a Streptococcus species. 
In one embodiment of the invention, said host cell is a streptococcus species. 

30 The proteinaceous molecule is then preferably presented in the context of other 
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streptococcal proteins, which enhances eliciting an immune response. 
Furthermore, the immunogenicity can be enhanced by over-expression of the 
recombinant proteins on the surface of the host cell, preferable a streptococcal 
cell. In addition, the use of different strains of streptococcal host cells enhances 
5 the immunogenicity of the immunogenic proteins or parts thereof. Therefore, 
the present invention also provides an immunogenic composition according to 
the invention, wherein said host cell is a streptococcus species. There are 
several streptococcus species that are also suitable as a host cell, for example, 
S. suis or S. agalactiae or S. dysgalactiae. 

10 Because of differences between various streptococcus species, and because 
some. proteins, naturally occurring on Streptococcus uberis, are capable of 
assisting in eliciting an immune response against Streptococcus uberis, in a 
preferred embodiment, attenuated Streptococcus uberis is used as a live 
recombinant carrier in an immunogenic composition of the invention. 

15 Preferably, said S. uberis organism expresses proteins of another strain of 

S. uberis, thereby disclosing a differentiating vaccine, because the serum of an 
animal vaccinated with said vaccine is discernible from the serum of an animal 
infected with a field infection, by detecting antibodies against proteins of both 
strains. In another embodiment, said S.uberis organism is replaced as a host 

20 cell or as a live or killed carrier by an S.suis, or a Staphylococcus species or an 
E.coli, either live or killed. 

Administering an immunogenic protein of the invention or a part thereof, or 
administering a nucleic acid encoding said protein of the invention elicits an 
immune response. Said nucleic acid, when administered to a cow, is expressed 

25 in cells of said cow and recognized by the immune system of said cow. The 

nucleic acid is thereby acting as an immunogenic composition, like for example 
a DNA vaccine against mastitis. Therefore, the present invention provides an 
immunogenic composition capable of eliciting an immune response against 
Streptococcus uberis, said composition comprising a nucleic acid of the 

30 invention. 
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Because the immunogenic composition of the invention elicits an immune 
response in an animal, preferably a cow, the protein of the invention reduces 
illnesses related to mastitis and improves the health of said cows, thereby 
rendering cows much more resistant to other (secondary) infections. Therefore, 
5 the present invention provides an immunogenic composition according the 
invention for use as a medicament. 

Preferably, the immunogenic composition of the invention is used to 
manufacture a medicament against Streptococcus uberis mastitis that reduces 
specific illness as a result of mastitis caused by Streptococcus uberis. 
10 Therefore, the present invention provides the use of an immunogenic 

composition according to the invention for the preparation of a medicament 
against Streptococcus uberis mastitis. 

An immunogenic composition of the invention is also used to produce or 
formulate a vaccine against mastitis. A vaccine generally prevents animals or 
15 humans from contracting a disease. Preferably, the immunogenic composition 
of the present invention is capable of preventing mastitis. Therefore, the 
present invention discloses in a preferred embodiment the use of an 
immunogenic composition according to the invention for the preparation of a 
vaccine. 

20 In another embodiment, the immunogenic composition of the invention is 
preferably used for decreasing and/or controlling the numbers of S.uberis 
organisms in the milk and/or in the udder of the cow. The milking process on a 
dairy farm comprises a potential danger of transferring S.uberis organisms 
from a diseased cow to another cow. The decrease in numbers of S.uberis 

25 organisms is therefore most suitable to suppress the spread of the infection 
from udder teat to udder teat and/or from animal to animal. 
For administration of an immunogenic composition of the invention to a 
subject, admixing the proteins or immunogenic parts thereof or host cells with 
a suitable carrier facilitates the acceptance by a subject of the immunogenic 

30 composition and increases the immunogenic effect of the composition. A 
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suitable carrier of the invention comprises for example a suitable adjuvant to 
increase the immunising effect of said immunogenic composition. Many 
suitable adjuvants, both based on oils and water-based, are known to a person 
skilled in the art, for example Diluvacforte® adjuvant or Specol® adjuvant. In 
5 one embodiment, said suitable carrier comprises for example a solution like for 
example saline for diluting bacteria or proteins or immunogenic parts thereof. 
Therefore, the present invention discloses a pharmaceutical composition 
comprising an immunogenic composition of the invention and a suitable 
carrier. 

10 

In an animal, preferably a cow, which is immunised with an immunogenic 
composition of the invention, antibodies are produced that are directed against 
S.uberis. The presence and the level of said antibodies are indicative for the 
immunity after immunisation with an immunogenic composition or a vaccine 

15 of the invention. Said antibodies are preferably not directed against epitopes 
that were present as wild type S.uberis strains in the field. For discerning a 
vaccinated animal from an animal that had a field type infection, the 
immunity of said vaccinated animal is in one embodiment preferably measured 
by measuring antibodies directed against said immunogenic composition of the 

20 invention. The antiserum of said vaccinated cow is also tested for the presence 
of antibodies against S.uberis antigens, which are not present in the 
immunogenic composition. Detecting antibodies against an S.uberis antigen 
not present in the immunogenic composition or vaccine of the invention is an 
indication of a wild type infection. Therefore, the present invention discloses a 

25 method for measuring the immunity of an animal against S.uberis, said 

method comprising determining in at least one sample from said animal the 
presence of antibodies directed against a protein selected from Table 5 and/or 
Table 6, or an immunogenic part thereof. In a preferred embodiment, said 
protein selected from Table 5 and/or 6 is selected from the group consisting of 

30 P15, P16, P17, P19, P20, P22, P27, P54, P28, P63, P64, P68, P75, P81, P93, 
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P100, and P105. Even more preferred said protein selected from Table 5 and/or 
6 is selected from the group consisting of P15, P16, P20, P27, P54, P28, P63, 
P68, P93, and P105. Most preferred, said protein selected from Table 5 and/or 
6 is selected from the group consisting of P15, P16, P54, P28, P63, and P105. 

For the detection of antibodies, which bind to the immunogenic composition of 
the invention, a diagnostic kit is suitable which comprises at least one of the 
proteins of Table 5 and/or Table 6 or an immunogenic part thereof. Binding of 
an antibody to said protein or immunogenic part thereof is detected by means 
of for example immunefluorescent antibody detection or enzyme-linked 
antibody detection or any other means of detection of antibody bound to said 
protein or immunogenic part thereof. 

In a preferred embodiment, said at least one of the proteins of Table 5 and/or 6 
is selected from the group consisting of P15, P16, P17, P19, P20, P22, P27, 
P54, P28, P63, P64, P68, P75, P81, P93, P100, and P105. Even more preferred 
said at least one of the proteins of Table 5 and/or 6 is selected from the group 
consisting of P15, P16, P20, P27, P54, P28, P63, P68, P93, and P105. Most 
preferred, said at least one of the proteins of Table 5 and/or 6 is selected from 
the group consisting of P15, P16, P54, P28, P63, and P105. 

Therefore, the present invention discloses a diagnostic kit comprising at least 
one protein selected from Table 5 and/or table 6, or immunogenic part thereof 
and a means of detecting antibody binding to said protein or immunogenic part 
thereof. Such a diagnostic kit is for example an ELISA test, or any other test 
suitable for screening sera. Preferably said test kit is suitable for screening 
large numbers of sera. 

In another embodiment, a nucleic acid of the invention is used for the detection 
of animals infected with wild type S.uberis strains in a population of animals 
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vaccinated with an immunogenic composition or a vaccine of the invention. 
This detection is for example achieved by using a PCR. 

The present patent application discloses that successful immunogenic proteins 
of the invention are proteinaceous molecules and/or proteins accessible to 
5 antibodies at the bacterial surface and common to a number of S.uberis 
strains. As an example, surface proteins were identified from the genome 
sequences of Strains 41-241 and O140J by selecting for genes containing one or 
more sequences commonly found in surface proteins of gram-positive bacteria, 
like for example a LPXTG sortase motif required for anchoring of the protein 
10 to the cell wall, or a lipid attachment motif required for lipoproteins, or a 

signal sequence or a transmembrane region predicting a surface localization of 
the encoded protein. 

The present application discloses the presence of selected proteins in strains of 
15 S.uberis as examined by probing chromosomal DNA of a number of S.uberis 
strains with PCR products obtained from the genes as selected above. 

The invention is further explained in the following examples. These examples 
do not limit the scope of the invention, but merely serve to clarify the 
20 invention. Many alternative embodiments can be carried out, which are within 
the scope of the present invention. 
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Legends to the Figures 

Figure 1. FACS analysis on intact S.uberis strains. S.uberis strains 41- 
241 (A) and O140J (B) were incubated with mice immune-sera (dark bars) or 
5 with the corresponding pre-immune sera (light bars). Bound antibodies were 
detected using FITC-conjugated secondary antibodies. Data are expressed as 
the median of fluorescence associated with bacterial cells. A fluorescence of > 
10 (2 x background) was considered as being positive. Numbers of the sera 
used refer to the gene/protein numbers as indicated in Tables 1 to 4. 

10 

Figure 2. Coomassie brilliant blue stained 2D proteome patterns. 

Lysates of exponentially growing S. uberis strains 41-241 (A) and O140J (B) 
were probed with bovine sera obtained from cows after experimental infection 
with strain O140J. Circled proteins were identified as being immunogenic 
15 proteins. The properties of the identified proteins as analysed by in-gel tryptic 
digestion, MALDI-TOF mass spectrometry are shown in Table 6. 

Figure 3. Infection of cows with S.uberis strain O140 J or strain 41-421. 
3 A.Cows 6716 and 6717 are infected via the milk duct with S.uberis strain 
20 O140J. 

Cows 6720 and 6721 are infected via the milk duct with S.uberis 41-421. 
Notice that cow 6720 is infected with 5000 cfu S.uberis and 6721 is infected 
with 500 cfu S.uberis. 

SSC means somatic cell counts in the milk. BO means bacterial investigation 
25 and is presented as the number of organisms as colony forming units (cfu) 
isolated form the milk. 

RV means right anterior quarter, LA means left posterior quarter. 

3 B. Clinical signs and bacterial and cytological results of cows 6718 and 6719 

after infection with S.uberis strain O140J. 
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3 C. Clinical signs and bacterial and cytological results of cows 6722 and 6723 
after infection with S.uberis strain 41-241. 

Figure 4. Nucleic acid sequences and amino acid sequences of S.uberis 
5 proteins of table 5. 



WO 2009/020391 



50 



PCT/NL2008/050537 



Examples 

Example 1 

5 Selection of common surface antigens 

DNA sequence analysis. The DNA sequence of the S.uberis strain 41-241 
has been determined with a 2 x coverage. Sequencing data were assembled to 
obtain 572 contiguous sequences containing 1815 ORFs. At the Sanger center 
10 the S.uberis strain O140J (Hill, 1988 ) has been sequenced. The sequence data 
available at the Sanger site in April 2002 were assembled as well, to obtain 61 
contigs containing 1938 ORFs. 

Selection of common surface antigens. Successful vaccine antigens are 
15 proteins accessible to antibodies at the bacterial surface and common to a 

number of S.uberis strains. Surface proteins were identified from the genome 
sequences of strains 41-241 and O140J by selecting for genes containing one or 
more sequences that form a signature motif (see M&M) commonly found in 
surface proteins of gram-positive bacteria. Among all ORFs analysed, 17 ORFs 
20 contained a LPXTG sortase motif (Table 1) required for anchoring of the 

protein to the cell wall Four (P12, P23, P24 and P25) of these 17 proteins were 
exclusively found in strain 41-241. 

Thirty-one ORFs contained a lipid attachment motif required for lipoproteins 
(Table 2). 

25 All these proteins were found in strain 01 40 J as well as in strain 41-241. 
Moreover, 87 ORFs were selected that contained a signal sequence or a 
transmembrane region predicting a surface localization of the encoded protein 
(Table 3). 

These proteins were found in strain 01 40 J as well as in strain 41-241. 
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Example 2 

Distribution of selected genes among various clinical and subclinical 
isolates of S.uberis 

5 To examine the presence of the selected genes among various S.uberis strains, 
spot hybridization experiments were performed in which chromosomal DNA of 
a considerable number of clinical S.uberis strains was probed with PGR 
products obtained from 99 of the selected genes. The data (Table 4) show that 
most of the selected genes hybridise with most S.uberis strains, suggesting 
10 that most of the selected genes are commonly present among the various 

S.uberis strains. In contrast, 4 out of the 99 genes tested hybridised only with 
a limited number of strains. All of these genes are present in strain 41-241 and 
encode proteins having a LPXTG sdrtase motif required for anchoring of the 
protein to the cell wall. 

15 

Example 3 

20 Immunogenicity of selected surface proteins. 

To evaluate a role of the proteins as vaccine candidates the proteins encoded 
by the 115 of the selected genes were cloned and expressed in E. coli with 
polyhistidine tags. The products of 106 of these genes were successfully cloned 
and expressed in E. coli. Subsequently, sera obtained from S.uberis infected 

25 cows and from rabbits immunized with formalin-killed or sonicated S.uberis 
cells were tested for the presence of specific antibodies directed against the 
expressed proteins by Western blot analysis. The results (Table 5) show that 
19 of the expressed proteins were recognized by antibodies present in sera of 
S.uberis infected animals, indicating that these proteins are expressed in vivo 

30 and are immunogenic in cows. Moreover, 30 of the expressed proteins were 
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recognized by antibodies present in sera from rabbits immunized with 
formalin-killed or sonicated S.uberis cells. Twelve of the expressed proteins 
were recognized both by sera obtained from S.uberis infected cows as well as 
by sera from rabbits immunized with formalin -killed or sonicated S.uberis 
5 cells. These data indicate that most of the proteins are antigenic. 

Table 5 also shows that some proteins were recognised by antisera induced 
after experimental infection with both strains 41-241 and O140J. However, 
other proteins reacted positive exclusively with either sera obtained after 
infection with strain O140J or with sera obtained after infection with strain 
10 41-241. This probably indicates differences between the two strains either in 
protein expression in vivo or in accessibility of the proteins to the immune 
system. 

15 

Example 4 

Purification of the selected proteins. 

To further evaluate a role of the proteins as vaccine candidates, all 36 proteins 
20 recognized either by sera from infected cows and/or by sera from immunized 

rabbits were purified. In addition, 4 proteins that contained a sortase motif but 
that did not react with both sera were purified. Thirty-one of the 40 selected 
recombinant proteins were successfully over-expressed in soluble form and 
could be purified under native conditions, whereas 5 proteins were expressed 
25 as insoluble inclusion bodies. These proteins were purified using denaturing 
conditions and the proteins were refolded after purification. For 4 proteins we 
were unable to purify amounts sufficient for immunization. All 36 purified 
proteins were subsequently used to immunize mice. As shown on Western 
blots none of the proteins was reactive with serum obtained from mice before 
30 immunization. In contrast however, the proteins strongly reacted with 
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immune serum obtained from the mice (Table 5), indicating that the proteins 
are highly immunogenic in mice. The specificity of the induced antibodies was 
confirmed by immunoblotting against lysates (or protoplast supernatants) of 
S.uberis cells. The results showed that most of the induced antibodies 
5 specifically reacted with a S.uberis protein of the expected molecular mass 
clearly indicating that these proteins represent (surface) antigens that are 
capable of inducing an immune response in mice. 

Example 5 

Functional characteristics of the induced antibodies 

We used the mice sera in a FACS analysis to study the binding of antibodies to 

15 whole encapsulated S.uberis cells (grown in Todd-Hewitt). As shown in Fig. 1 
none of the sera obtained from mice before immunisation was able to bind to 
whole S.uberis cells. In contrast, however, eight of the immune sera (sera 
induced against proteins Pll, P15, P17, P20, P25, P26, P27, P63) strongly 
bound to whole bacterial cells, whereas two of the sera (directed against 

20 proteins P 17, P18) showed a weak binding to whole bacterial cells. This 
clearly indicates that the proteins recognised by these sera were expressed 
under the conditions used for growing S.uberis bacterial cells, and were 
accessible for binding to antibodies. In addition, Fig. 1 clearly shows that the 
expression and/or surface accessibility of the proteins differed between the two 

25 strains used. Expression and/or surface accessibility were conserved in three of 
the proteins (P17, P19 and P20). In contrast, Pll and P63 were exclusively 
detected by using strain O140J, whereas P15, P18, P25 and P26 were 
exclusively detected by using strain 41-241. P27 was surface exposed both on 
strains 41-241 and O140J, but was only weakly recognised by antiserum on 

30 strain 41-241. 
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Taken together, the data clearly showed that 10 of the selected antigens are 
expressed on the surface of the bacterium grown in vitro and are available for 
binding of antibody on intact encapsulated cells. Three of these proteins were 
conserved among the two strains used. 



Example 6 

10 Serological proteome approach. As an alternative approach for the 

identification of S.uberis vaccine candidates, serological proteome analysis was 
applied. 

Proteins of S.uberis strains grown in TH broth were separated by 2D gel 
electrophoresis and probed with antibodies present in sera of S.uberis infected 

15 animals. A number of highly immunogenic S.uberis proteins were identified 

(data not shown). Three spots were successfully matched to proteins present on 
a Coomassie brilliant blue stained 2D gel (Fig. 2). From these proteins tryptic 
digestion products were analyzed by Q-TOF and the resulting peptide-mass 
fingerprints were compared with the in silico generated peptide-mass 

20 fingerprints of all proteins predicted from the genome sequence analysis of 
strains 41-241 and O140J. In addition, two major tryptic peptides selected 
from each fingerprint were used for tandem MS. The resulting amino acid 
sequence of the peptides was subsequently compared to sequences predicted 
from the S.uberis genome sequences. All three proteins could be matched 

25 successfully using this procedure. The properties of the identified proteins are 
listed in Table 6. One of these vaccine candidates was also identified using the 
genomic approach (P63). This underlines the importance of this protein as a 
vaccine candidate. 
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Example 7 

ELISA on culture supernatant with mice immune-sera 

P93 en P105 were strongly recognised in culture supernatants of both strains 

indicating that these proteins are secreted by the bacteria. 

5 

Example 8 

FACS analysis using S.uberis cells grown in whey to mimic in vivo 
conditions. 

10 The procedure of example 5 was followed to test binding of antibodies to 
S.uberis cells that were grown in a medium resembling milk. 

Example 9 

15 Conservation of antigens among diverse S.uberis strains. 

The conservation of the expression of the selected proteins and the accessibility 
to antibodies among diverse S.uberis isolates by FACS analysis are studied. 
These studies allow selection of vaccine candidates directed to various S.uberis 
strains. 

20 

Example 10 

Vaccination and challenge in cattle. 

Experimental infection of non-vaccinated animals. The virulence of the 
25 S.uberis strains O140J and 41-241 was determined after experimental 

infection. An udder is divided in four parts, generally called the quarters. Each 
quarter comprises milk secreting cells, milk ducts, a milk cistern and a teat. In 
this experiment, each quarter is individually infected in the milk cistern 
through the milk duct in the teat. Six out of eight quarters inoculated with 
30 strain O140.J became successfully infected (Fig. 3, Table 7). Pure cultures of 
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S.uberis 0140 J were isolated from milk obtained from these quarters and 
increased levels of somatic cell count (SCC) were detected. In two quarters (of 
two different cows; cows 6717 and 6719; Figs 3A and 3B) no infection could be 
detected after challenge. Both quarters remained bacteriological negative 
5 during the course of the experiment. In one of the two quarters a slight 
increase in SCC was observed. In contrast, in all eight quarters challenged 
with strain 41-241 infection was established (Figs. 3A and 3C; Table 7). Four 
of these quarters (cows 6721 and 6723) were inoculated with a dose of 5 x 10 2 
cfu of strain 41-241, whereas the other four quarters were inoculated with a 

10 dose of 5 x 10 3 cfu (cows 6720 and 6722). More severe effects were observed 

after inoculation with the higher dose: body temperature of the cows increased 
more significantly and more severe clinical signs of disease (clots in milk and 
firm consistency of udder) were observed (Table 7; Figs 3A and 3C). However, 
clinical signs of mastitis were also induced using strain 41-241 at an 

15 inoculation dose of 5 x 10 2 cfu . Similar data had previously been observed for 
strain D140J (Hill, 1988). 

Compared to strain 41-241, the clinical signs of mastitis obtained with strain 
O140J (inoculation dose of 5 x 10 2 cfu and studied for 16 days) seemed more 
severe (Figs.3B and 3C). Three out of four quarters became successfully 

20 infected with strain 01 40 J and all three showed clinical signs of mastitis for at 
least 16 days after infection. Two of these quarters remained bacteriological 
positive for 16 days after infection (Fig. 3B) and in one quarter an increased 
level of SCC was detected for 35 days (data not shown). All four quarters 
infected with strain 41-241 showed clinical signs of mastitis for 10-13 days 

25 after inoculation, but were negative for clinical signs from day 13 onwards (Fig 
3C). Two of these quarters (cow 6723) remained bacteriological positive during 
the course of the experiment (16 days), indicating the persistence of S.uberis in 
the mammary gland (Fig.3C). 

Histological examination of udder material collected 3-5 days after infection 
30 generally corresponded to the clinical observations. Both cows infected with 
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strain 41-241 and one cow infected with strain O140J displayed a moderate to 
severe mastitis throughout the entire gland with multifocal intra-alveolar 
accumulation of polymorphonuclear granulocytes, focal disruption of the 
epithelial layer in the alveoli and moderate interstitial infiltration of 
5 mononuclear cells (data not shown). The second cow infected with strain 
O140J had a mild, multifocal catarrhal mastitis. 

Taken together, these data show that both strains O140J and 41-241 are 
pathogenic for cows. 

10 Immunization of dairy cows 

Polyclonal antibodies against S.uberis proteins were raised in cows. Cows were 
immunized through various immunization schedules, using either 
subcutaneous inoculation, and/or intramuscularly and/or intra-mammary 
inoculation. 

15 The immunogenic composition was formulated with an solvent like for 

example phosphate buffered saline and an adjuvant, for example water-in-oil 
adjuvant or an adjuvant without oil. 

After immunization, a blood sample was collected and serum was tested for 
antibodies against S.uberis. 

20 

Experimental infection of vaccinated animals. 

Vaccinated and non-vaccinated cows were challenge infected with 500 cfu 
S.uberis strain O140J. Each udder quarter was individually infected via the 
milk duct in the teat. 

25 After challenge, cows vaccinated with an immunogenic composition of the 
invention showed less clinical signs of mastitis, less alterations in the milk, 
lower SCC levels, shorter period of clinical mastitis, less fever. Clinical scores 
and histological evidence of the udders clearly show that immunization 
according to the present invention is effective against mastitis caused by 

30 S.uberis. 
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Example 11 

Reactivity of antigens with convalescent sera. The ability of a selected 
number of proteins (P15, P16, P20, P22, P27, P54, P28, P63, P68, P75, P93 and 
P105) to induce convalescent antibodies was tested by Western blot analysis 
5 using field sera obtained from 14 cows having recovered from a recent S. uberis 
infection. Six out of 12 antigens selected (P15, P16, P54, P28, P63, P105) were 
recognized by all 14 convalescent sera used. These data indicate that these 
antigens are expressed by all S. uberis strains that caused the respective 
infections, that these antigens are expressed during infection in the host and 
10 that these antigens are highly immunogenic. Five of the antigens (P 68, P27, 
P20, P93 and P22) were recognized by 8, 9, 10, 11 or 12 of the convalescent 
sera respectively. With one of the antigens no reaction with any of the 
convalescent sera could be detected (P75). 

15 

Example 12 

Conservation of antigens among diverse S. uberis strains. To indicate 

the suitability of the antigens for conferring protection against various S. 

uberis strains, the conservation and expression of the 12 selected antigens 
20 (P15, P16, P20, P22, P27, P54, P28, P63, P68, P75, P93 and P105) among a 

collection of recently isolated field strains (35 strains) was determined. 

Expression of antigens was demonstrated by screening Western blots with 

mouse immune sera against the purified antigens. Five out of the 12 antigens 

( PI 5, P16, P28, P75, and P105) were expressed in >97% of the strains tested; 
25 two of the antigens ( P27, P63) were expressed in 94% of the strains and four of 

the antigens ( P20, P22, P54, P93) were expressed in 81-92% of the strains. 

These data clearly showed that expression of the most of the antigens is highly 

conserved among the various S. uberis strains. 
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MATERIALS AND METHODS 
Bacterial strains and growth conditions. 

One S.uberis strain 41-241 was isolated in 1998 from a commercial Dutch 
5 dairy farm on which an outbreak of S.uberis mastitis was observed (Hill, 
1988). Strain 41-241 showed the RAPD fingerprinting type B predominantly 
found on the particular herd during the outbreak (Zadoks et al., 2003). The 
strain was isolated from a cow infected with S.uberis for at least two months. 
The onset of the infection was sub clinical and was followed by multiple clinical 
10 flare-ups. 

The S.uberis strains O140J and EF20 were kindly provided by Dr. J. Leigh, 
Institute for Animal Health, Compton, England. Other S.uberis and S. 
parauberis strains, isolated from clinical cases of mastitis on various Dutch 
dairy farms were kindly provided by Dr. D. Mevius, CIDC, Lelystad, The 

15 Netherlands; by Drs. O. Sampimon, Animal Health Service, Deventer, The 

Netherlands, or by Dierenartsen Praktijk, Diessen, The Netherlands. All other 
streptococcal species were from the laboratory collection of the ASG, Lelystad, 
The Netherlands. Streptococcal strains were grown in Todd-Hewitt broth (code 
CM189, Oxoid), and plated on Columbia agar blood base (code CM331, Oxoid) 

20 containing 6% (v/v) horse blood and 0.1% aesculin (w/v) unlesis indicated 

otherwise. E.coli strains were grown in Luria broth (18) and plated on Luria 
broth containing 1.5% (w/v) agar. If required, 50 ng/ml of kanamycin was 
added. 

Preparation of whey. Bulk milk was obtained from a dairy farm without a 
25 S.uberis infection in its history (Waiboerhoeve, Lelystad, The Netherlands). 
The milk was centrifuged for 30 minutes at 12,800 x g and fat was removed. 
Subsequently, 40 jil/ml of rennin (Lactoferm, Brouwland, Belgium) was added 
and the milk was incubated for 2 hr at 37°C with regular mixing. Coagulated 
milk was removed by sifting and the remaining supernatant was centrifuged 
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for 30 minutes at 12,800 x g. The cleared supernatant was sterilized by 
filtration over a 0.2 urn Sartobran P filter (Sartonus, Goettingen, Germany). 
Milk samples and sera. Milk samples and sera were obtained from clinical 
S.uberis mastitis cases from various Dutch dairy farms (Drs. O. Sampimon, 
5 Animal Health Service, Deventer, The Netherlands). None of the animals had 
been treated with antibiotics before the samples were collected. 
In addition, milk and sera were collected from cows at various time points 
after experimental infection with S.uberis strains O140J and 41-241. 
Rabbit antisera. Polyclonal antibodies directed against formalin-killed whole 

10 S.uberis cells as well as against sonicated S.uberis cells were raised in rabbits. 
Rabbits were immunized subcutaneously using 2-4 x 10 9 killed cells in water- 
in-oil adjuvant. Inoculations were repeated two, three and four weeks later. 
After 6 weeks, rabbits were killed and serum was collected. 
To prepare the antigens, S.uberis strains were grown for 16 h in Todd-Hewitt 

15 broth. The cultures were diluted 10 times in 1 1 pre-warmed Todd-Hewitt broth 
and cells were grown till optical density (600 nm) reached 0.5. The cultures 
were centrifuged for 15 min at 10,000 x^, and the pellets were dissolved in 100 
ml of PBS (136.89 mM NaCl, 2.68 mM KC1, 8.1 mM Na 2 HP0 4 , 2.79 mM 
KH2PO4 pH 7.2). Subsequently, the optical density (600 nm) was adjusted to 

20 1.0 with PBS. To prepare formalin-fixed cells 10 ml portions of these cells were 
centrifuged for 20 min. at 10,000 x g and the pellets were resuspended in 2.5 
ml of PBS. To this suspension 250 jd of 3% formalin was added and it was 
maintained for 16 h at room temperature. The suspension was checked for the 
absence of live bacteria by plating on Columbia Agar plates. To remove 

25 formalin the cells were washed twice with PBS. To prepare sonicated cells 10 
ml portions of the cells were centrifuged for 20 min. at 10,000 x g and the 
pellets were resuspended in 250 \il of PBS. Cells were sonicated for 15 min 
using a tip sonifier at 100% output, 50% duty cycle. After sonication, cells were, 
diluted 10 times in PBS. Both antigens were mixed 1:1 with Specol to produce 

30 water-in-oil emulsions. 
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Genome sequencing. Genomic DNA was isolated from S.uberis strain 41-241 
as described by Sambrook et al. (1989). DNA was sheared and used to create a 
plasmid library. Random clones were sequenced using dye -terminator 
chemistry and analyzed with an ABI PRISM 3700 DNA analyzer (Applied 
5 Biosy stems, Warrington, GB). Sequencing data were assembled to obtain 572 
contiguous sequences. An initial set of open reading frames (ORFs) was 
identified with GLIMMER and GENEMARK software. Transmembrane 
helices and subcellular locations in the genes were predicted with a computer 
program called TMHMM available at www.cbs.dtu.dk/services/TMHMM. To 

10 search each ORF for the presence of signal peptides the program SignalP was 
used (Nielsen et al., 1999). Alternative predictions of signal peptides were done 
using the program PSORT available on http://psort.nibb.ac.jp and a program 
called GCG-SPScan available at http://www.biology.wustl.edu 
/gcg/spscan.html. Lipoproteins were found by using the GCG-Findpatterns 

15 program with the following expressions: PS00013: 

~(D,E 1 R,K)6(L,I,V > M,F ) W J S ) T,A > G)2(L ) I,V,M,F ) Y,S > T,A,G,C,Q)(A 1 G,S)C;g- 
lpp:<(M ) V)X{0 ( 13}(R,K)~(D ; E ) R,K > Q){6 I 20}(L > I ) V ) M,F > E,S t T,A,G)(L,V,I ) A J M)a ) V 

,M,S,T,A,F,G)(A,G)C and g-lpp_rvh: 

(M,V ) L)X{0,13}(R J K)~(D ) E ) R,K J Q){6 ) 20}(L,I ) V ) M ) F,E > S ) T,A ) G)(L > V ) I ) A ) M)a > V > M 
20 > S,T ) A,F,G)(A,G)C. Proteins with cell wall anchor domains were identified 

using InterPro accession IPR001899. The BLAST program was used to search 
for protein sequences with sequence identity to the deduced amino acid 
sequences. 

Spot blotting, Southern blotting and hybridization. Chromosomal DNA 
25 was isolated as described by Sambrook et al. (1989). For spot blotting one ug of 
chromosomal DNA was spotted onto Genescreen Plus membranes. The 
membranes were incubated in 0.4 M NaOH-1 M NaCl at room temperature for 
10 min. to denature the DNA and for 10 min in 0.6 M NaCl, 0.06 M sodium 
citrate (pH 7.0) for neutralization. For Southern blotting DNA fragments were 
30 separated on 0.8% agarose gels and transferred to Gene-Screen Plus 
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membranes (NEN) as described by Sambrook et al. (1989). DNA probes were 
labeled with [(<x- 32 P]dCTP (3000 Ci mmol 1 ; Amersham) by use of a random 
primed labeling kit (Boehringer). The DNA on the blots was hybridized at 65°C 
in a buffer having 0.5 M sodium phosphate, 1 mM EDTA, and 7% sodium 
5 dodecyl sulphate at a pH of 7.2, with the appropriate DNA probes as 
recommended by the supplier of the Gene Screen Plus membranes. After 
hybridization, the membranes were washed twice with a solution of 40 mM 
sodium phosphate, pH 7.2, 1 mM EDTA, 5% SDS for 30 min at 65°C and twice 
with a solution of 40 mM sodium phosphate, pH 7.2, 1 mM EDTA, 1% SDS for 
10 30 min at 65°C. Signals were detected on a phosphor-imager (Storm; Molecular 
Dynamics). 

Cloning and expression of selected proteins. Selected ORFs were 
amplified by PCR with specific oligonucleotide primers for cloning into 
pET200/D-TOPO (Invitrogen). Proteins were cloned without putative signal 
15 sequences or predicted transmembrane regions. Constructs were transformed 
into Escherichia coli BL21 Star (DE3) (Invitrogen) for expression of 
recombinant proteins. 

For PCR reaction (25 ^il) Platinum Pfx DNA polymerase (Invitrogen) was used 
as described by the supplier. DNA amplification was carried out in a Perkin 
20 Elmer 9700 thermal cycler and the program consisted of an incubation for 5 
min at 94°C, 35 cycles of 15 sec at 94°C, 30 sec at 57°C and 2 min at 68°C, and 
5 min at 68°C. 

Immunodetection of the expressed antigens. Proteins were separated by 
SDS-polyacrylamide gel electrophoresis using the XCell SureLock mini-cell 
25 system (Invitrogen). Proteins in the gel were visualized using SYPROorange 
(Molecular Probes, Sunnyvale, Calif.) staining according to the manufacturer's 
recommendations. Signals were detected on a phosphor-imager (Storm; 
Molecular Dynamics). 

Proteins were transferred to a nitrocellulose membrane by standard 
30 procedures (19). The membranes were blocked in Blotto: Tris-buffered saline 
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(TBS) (50 mM Tris-HCl [pH 7.5], 150 mM NaCl) containing 4% skimmed milk, 
5% foetal calf serum and 0.05% Tween 20, at room temperature (RT) for 16 h. 
To detect recombinant antigens, membranes were incubated with a monoclonal 
antibody against the 6 x HIS tag (Clontech, Palo Alto, CA.). Bound antibodies 
5 were detected and visualized using alkaline phosphatase-conjugated anti- 
mouse antibody and nitro-blue-tetrazolium/5-bromo-4-chloro-3-indolyl- 
phosphate as described by Sambrook et al. (1989). 

Immunogenicity of expressed antigens was tested by using serum samples 
obtained from cows clinically or sub clinically infected with S.uberis or using 
10 rabbit anti-S. uberis antisera. Bound antibodies were detected with rabbit-anti- 
cow or goat-anti- rabbit immunoglobulins conjugated with alkaline 
phosphatase (Jackson Immunoresearch) and visualized using nitro-blue- 
tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate as described by Sambrook et 
al. (1989). 

15 Protein purification. Proteins were affinity purified from solubilised cell 
pellets using Ni-nitrilotriacetic acid (Ni 2+ -NTA ) column chromatography as 
described by the manufacturer (Qiagen). In short, cells were grown 
exponentially; 1 mM IPTG was added and the cells were allowed to grow 
another 4 hr at 37°C. Subsequently, cells were harvested and lysed. The 

20 cleared supernatants were loaded onto Ni 2+ -NTA agarose columns. The 

columns were washed and the protein was eluted. Different buffers were used 
for native and for denaturing purification. Proteins purified under denaturing 
conditions were renaturated by dialysis using a linear 6 M - 0 M urea gradient 
in 286,89 mM NaCl, 2.68 mM KC1, 8.1 mM Na 2 HP0 4 , 2.79 mM KH 2 P0 4 pH 

25 7.2. Purified proteins were further concentrated using Amicon Ultra-4 5000 
MWCO filters (Millipore). 

Protein concentration. Protein concentration in the samples was 
determined after SDS polyacrylamide gel electrophoresis. Proteins in the gel 
were visualized using SYPRO-orange (Molecular Probes, Sunnyvale, Calif.) 
30 staining according to the manufacturer's recommendations. Signals were 
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detected on a phosphor-imager (Storm; Molecular Dynamics). A known bovine 
serum albumin concentration range was used as a standard, to calculate the 
amounts of protein present in the gel. The Molecular Dynamics program was 
used for the calculations. 
5 Immunogenicity of purified proteins. OF1 mice were immunized 

subcutaneously using 20 pg of purified proteins in Freunds complete adjuvant. 
Inoculations were repeated three weeks later using 20 pg of purified proteins 
in Freunds incomplete adjuvant. Three weeks after the second inoculation 
mice were killed and serum was collected. 

10 FACS-analysis. S.uberis cells were grown in Todd-Hewitt broth until the 
OD600 reached 0.5. The cells were collected by centrifugation, washed once in 
FACS-buffer (PBS-13, pH7,2 [137 mM NaCl, 2,68 mM KC1, 8.1 mM Na 2 HP0 4 , 
2.8 mM KH2PO4] - 0,5%BSA) and the cell density was adjusted to 
approximately ODeoo 1.0 in FACS buffer. The cells (250 pi ) were collected by 

15 centrifugation and resuspended in 50 jil of FACS-buffer containing mice 

antisera (in a 1: 50 dilution). The sample was incubated for 45 minutes on ice. 
To remove unbound antibodies the cells were washed twice with 250 \il of 
FACS-buffer. Subsequently cells were incubated with 50 pi FACS buffer 
containing fluorescein isothiocyanate (FITC)-labeled rabbit-anti-mouse 

20 secondary antibody (1: 100 dilution; DAKO A/S, Glpstrup, Denmark) for 30 
minutes on ice. Cells were washed twice with 250 jil of FACS-buffer, 
resuspended in 100 pi FACS-buffer and bound antibody was detected a 
fluorescence activated cell sorter (FACS Calibur, Benton Dickinson, Franklin 
Lakes, USA). 

25 Whole cell ELISA. Exponentially growing S.uberis cells were collected by 
centrifugation, resuspended in coating buffer pH 9,6 (0,05M NaHCOa, 0,05M 
Na2C0 3 ) and cell density was adjusted to ODeoo 1.0. High binding 96-wells 
plates were coated with 100 pi of this suspension per well for 16 hr at 4°C. 
Wells were washed 4 times with ELISA buffer (5% Tween-80, 0,02% Na-azide), 

30 sera (diluted 1:20 in PBS-13 containing 0,05% Tween-80, 2% NaCl, and 5% 
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fetal calf serum) were added and plates were incubated for 1 hr at 37°C. To 
remove unbound antibodies, wells were washed four times with ELISA buffer. 
Subsequently, secondary antibody (100 p.1 of horse radish peroxidase 
conjugated rabbit-anti-mouse (DAKO) diluted 1:250 in PBS-13 containing 
5 0,05% Tween-80, 2% NaCl, and 5% fetal calf serum) was added and plates 
were incubated for 1 hr at 37°C. Wells were again washed four times with 
ELISA buffer and bound antibodies were detected at room temperature using 
100 jil of tetramethylbenzidine (TMB) (CeDi-Diagnostics, Lelystad, The 
Netherlands). Reactions were stopped after 15 min by the addition of 100 pi of 
10 0,5M H2SO4 per well. Absorbance was read using an ELISA reader (Thermo 
Labsystems, Franklin, USA) at 450 nm. 

Sample preparation for two-dimensional gel electrophoresis. S.uberis 
strains were grown for 16 h in 100 ml Todd-Hewitt broth. The cultures were 
diluted 20 times in 1 1 pre-warmed Todd-Hewitt broth and cells were grown till 

15 optical density (600 nm) reached 0.5. The cultures were centrifuged for 20 min 
at 10,000 x g, and the pellets were washed once with an equal volume of 250 
mM sucrose/25 mM Tris, pH 8.0 and once with an equal volume of superQ. The 
resulting pellets were dissolved in 5 ml of superQ. 1.5-ml portions of these 
suspensions were sonicated for 15 min using a tip sonifier (Branson sonifier 

20 250, 50% interval, amplitude 3). Subsequently, the suspensions were treated 
with DNAse I and MgCb (final concentrations of 6.5 jig/ml and 10 mM, 
respectively) for 10 min at 37°C. Protease inhibitors pepstatin A, leupeptin, 
pefabloc and aprotinin were added to final concentrations of 2.5 |ug/ml, 5 jag/ml, 
25 ng/ml and 1 |ig/ml, respectively. Urea, dithiothreitol and Triton-XlOO were 

25 added to a final concentration of 9M, 70mM and 2%, respectively. The samples 
were centrifuged for 30 min at 10,000 x g y the supernatants were collected and 
centrifuged for an additional 30min at 100,000 x g. The supernatants were 
collected and protein concentration in the samples was determined using the 
RC DC Protein Assay (BioRad) according to the manufacturer's instructions. 
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Two-dimensional gel electrophoresis. Samples containing 50 - 100 pg of 
protein were solubilized in 450 ul of sample buffer (8M urea, 2% CHAPS, 0,5% 
IPG-buffer 3-10, 70 mM dithiothreitol and a trace of bromo-phenol-blue). 
Proteins were separated in the first dimension by isoelectric focusing using 
5 Immobiline 18 cm DryStrips (3-10 NL Amershan Pharmacia Biotech) on an 
IPGphor (Amershan Pharmacia Biotech) after rehydration of the strips 
according to the manufacturer's instruction. Immediately after being focused, 
the strips were subsequently equilibrated for 15 min in equilibration buffer 
(6M urea, 30% glycerol, 2% SDS, 50 mM Tris-HCL-pH 8.8, trace of bromo- 

10 phenol-blue) containing 10 mg/ml dithiothreitol and for 15 min in equilibration 
buffer containing 25 mg/ml of iodoacetamide. Proteins were separated in the 
second dimension by SDS-pplyacylamide gelelectrophoresis on 12.5% pre-cast 
Ettan DALT gels (Amershan Pharmacia Biotech) in an Ettan DALT twelve 
system (Amersham Pharmacia Biotech) according to the manufacturer's 

15 instructions. 

Staining. Proteins in gels were stained with silver using the PlusOne™ Silver 
Staining Kit (Amershan Pharmacia Biotech) according to the manufacturer's 
instructions or with Coomassie Brilliant blue as described by Sambrook et al. 
(1989) with prolonged incubation times due to the plastic backing of the gels. 
20 Digestion of proteins from 2D gels. Protein spots identified on Coomassie 
stained gels were manually excised. Gel pieces were frozen in 0.1% acetic acid 
at -80°C until use. Proteins in the gels were digested with trypsin as described 
by Li et al. (2003). 

Mass spectrometry of tryptically digested proteins spots from 2 D gels. 

25 A Micromass Q-TOF mass spectometer was used to analyse the masses of the 
tryptically digested proteins spots as described by Li et al. (2004). 

Experimental infection experiments 

Animals. Clinically healthy Holstein-Friesian cows, 2-4 weeks in their first 
30 lactation, were used for infection. The cows were milked twice daily at 7.00 



WO 2009/020391 



67 



PCT/NL2008/050537 



a.m. and 4.00 p.m. All cows had somatic cell counts (SCC) below 2.0 x 10 5 
cells/ml, were negative for mastitis pathogens based on repeated 
microbiological evaluation of milk during the last 14 days prior to infection and 
had no history of mastitis.. 
5 Preparation of the inoculum and inoculation. S.uberis strains O140J and 
41-241 were used as inocula. Single colonies, grown on Columbia agar plates 
containing 6% horse blood (v/v) and 0.1% aesculin (w/v), were transferred into 
90 ml Todd-Hewitt broth (Oxoid) and cultured overnight at 37°C. Overnight 
cultures were diluted 1 to 10 in the same medium and bacteria were grown to 
10 a concentration of approximately 3 x 10 8 cfu/ml (logarithmical growth phase). 
Cells were then collected by centrifugation and resuspended and diluted in 
PBS. 

Two quarters of each cow were inoculated intracisternally with either 5 x 10 2 
(either strain O140J or strain 41-241) or 5 x 10 3 (strain 41-241) cfu per 5 ml of 
15 PBS. Control quarters were inoculated with 5 ml of PBS. Injections were done 
just after the afternoon milking using disposable teat canulas. Before 
inoculation teats were cleaned with alcohol. The inocula were massaged 
upwards into the gland cisterns. 

One group of four cows was challenged with 5 x 10 2 cfu of strain O140J. 
20 Another group of four cows was challenged with strain 41-241. Two of these 
cows were challenged with 5 x 10 2 cfu and two cows with 5 x 10 3 cfu. Cows 
were used in two consecutive experiments, one was finished after 45 to 80 
hours and the second after 16 days. 

Sampling and clinical scores. Milk samples were collected aseptically from 
25 all quarters at each milking. The samples were examined bacteriologically on 
blood agar plates containing 6% horse blood (v/v) and 0,1% aesculin (w/v) and 
the SCC was determined using standard procedures (International Dairy 
Federation, 1981). In addition milk samples were stored at -20°C until 
analysis for antibody responses. At each milking the body temperature of the 
30 cows and milk production was determined and cows were monitored for clinical 
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signs of mastitis (consistency of the udder and clots in the milk). Once a week 
blood samples were collected for analysis of antibody responses in serum. 
Pathology. For histological examination mammary gland tissue from each 
quarter was sampled from different sites of three different horizontal cross 
5 sections, i.e. at the gland basis, halfway between basis and cisterne and at the 
gland cisterne. Tissue samples were fixed in 4% buffered formalin and 
embedded in paraffin. For histological examinations tissue sections were cut 
and stained with hematoxylin/eosin stain. 
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Table 5 



nr 

sortase 



homology 



1 1 exo-beta D frutosidase 

12 unknown S. agalactiae 

14 collagen like protein 

15 5'nucleotidase 

16 no hits 

17 unknown 

18 unknown 

19 beta-N-acetylhexosamin 

20 lactoferine binding protein 

22 serine proteinase PrtA 

23 no hits 

24 unknown S. agalactiae 

25 unknown S. agalactiae 

26 agglutination receptor 

27 C5a peptidase 
115 5'nucleotidase 
lipo 



33 
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37 
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48 
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50 
54 
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protease maturation 
maltose binding protein 
putative lipoprotein 
ferrichrome binding proteii 
putative lipoprotein 
putative ABC 
hyaluronate associated pr< 
streptokinase 
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0" 



O140J 41-241 



4 VicK 

5 Choline binding protein 
9 ComYD 

28 peptidoglycan hydrolase 

29 hypothetical protein 
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64 hypothetical protein s pyo 
68 hypothetical protein s pyo 
70 hypothetical protein 
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94 hypothetical protein 
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Claims 

1. A method for identifying a Streptococcus protein which is capable of 

5 eliciting an immune response against at least two strains and/or serotypes 

of Streptococcus, the method comprising: 

a) identifying at least part of a secreted protein, a surface-associated 
protein and/or a protein which has at least 50% sequence identity to a 
bacterial virulence factor; 

10 b) selecting at least one protein identified in step a) which is conserved 

over at least two Streptococcus strains and/or serotypes; and 
c) determining whether at least one protein selected in step b) or an 
immunogenic part, derivative and/or analogue thereof is capable of 
specifically binding an antibody and/or immune cell of an animal infected 

15 by a first Streptococcus strain and/or serotype, and an antibody and/or 

immune cell of an animal infected by a second Streptococcus strain and/or 
serotype. 

2. A method according to claim 1, wherein said secreted protein and/or 
surface-associated protein is identified by identifying in at least part of the 

20 genomic sequence of Streptococcus a gene comprising a motif of a secreted 

and/or surface-associated protein. 

3. A method according to claim 1 or 2, wherein said protein which has at least 
50% sequence identity to a bacterial virulence factor is identified by 
identifying in at least part of the genomic sequence of Streptococcus a gene 

25 which has at least 50% sequence identity to a bacterial virulence factor 

gene. 

4. A method according to claim 1 or 2 or 3, wherein said protein which has at 
least 50% sequence identity to a bacterial virulence factor is identified by 
identifying in at least part of the genomic sequence of Streptococcus a gene 

30 which hybridizes to the full length nucleotide sequence of any of the 
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nucleic acid sequences listed in Figure 4 at 65°C in a buffer having 0.5 M 
sodium phosphate, 1 mM EDTA, and 7% sodium dodecyl sulphate at a pH 
of 7.2, 

wherein the nucleic acid molecule remains hybridized after 
5 washing twice with a buffer containing 40 mM sodium phosphate (pH 7.2), 

1 mM EDTA and 5% sodium dodecyl sulphate for 30 minutes at 65°C and; 
washing twice with a buffer containing 40 mM sodium phosphate (pH 7.2), 
1 mM EDTA and 1% sodium dodecyl sulphate for 30 minutes at 65°C. 

5. A method according to claim 2, 3 or 4, further comprising selecting a gene 
10 which is conserved over at least two Streptococcus strains and/or serotypes. 

6. A method according to claim 5, further comprising obtaining a protein 
encoded by said gene, or an immunogenic part, derivative and/or analogue 
of said protein. 

7. A method according to any one of claims 2-6, wherein said gene is 
15 expressed in a prokaryotic expression system. 

8. A method according to any one of claims 1-7, comprising: 

- obtaining isolated and/or recombinant proteins of Streptococcus; 

- incubating said proteins with an antibody and/or immune cell of an 
animal infected by a first Streptococcus strain and/or serotype and an 

20 antibody and/or immune cell of an animal infected by a second 

Streptococcus strain and/or serotype, and 

- determining whether a protein is capable of binding an antibody and/or 
immune cell of an animal infected by a first Streptococcus strain and/or 
serotype and an antibody and/or immune cell of an animal infected by a 

25 second Streptococcus strain and/or serotype. 

9. A method according to claim 8, further comprising expressing said protein 
using a nucleic acid sequence encoding said protein. 

10. A method according to any one of claims 1-9, wherein said antibody and/or 
immune cell is derived from a convalescent serum. 
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11. A method according to any one of claims 1-10, wherein said Streptococcus 
protein is capable of eliciting opsonophagocytosis inducing antibodies. 

12. A method according to any one of claims 1-11, wherein at least two 
Streptococcus proteins capable of eliciting an immune response against at 

5 least two strains and/or serotypes of Streptococcus are identified. 

13. A method for producing at least one protein identified by a method 
according to any one of claims 1-12. 

14. A method according to any one of claims 1-13, wherein said Streptococcus 
is Streptococcus uteris. 

10 15. A Streptococcus protein which is capable of eliciting an immune response 
against at least two strains and/or serotypes of Streptococcus obtainable by 
a method according to any one of claims 1-14. 

16. Use of a protein obtainable by a method according to any one of claims 1- 
14, or an immunogenic part, derivative and/or analogue thereof, for the 

15 preparation of an immunogenic composition capable of eliciting an immune 

response against at least two strains and/or serotypes of Streptococcus. 

17. Use according to claim 16, wherein said protein is selected from Table 5 
and/or Table 6. 

18. An immunogenic composition capable of eliciting an immune response 

20 against at least two strains and/or serotypes of Streptococcus comprising at 

least one isolated and/or recombinant protein obtainable by a method 
according to any one of claims 1-14, or an immunogenic part, derivative 
and/or analogue thereof. 

19. An immunogenic composition according to claim 18 comprising at least two 
25 isolated and/or recombinant proteins, and/or an immunogenic part, 

derivative and/or analogue thereof, obtainable by a method according to 
any one of claims 1-12. 

20. An immunogenic composition capable of eliciting an immune response 
against at least two strains and/or serotypes of Streptococcus comprising at 

30 least one nucleic acid molecule encoding at least one protein obtainable by 
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a method according to any one of claims 1-12, or an immunogenic part, 
derivative and/or analogue of said protein. 
21. An immunogenic composition according to any one of claims 18-20, 
wherein said Streptococcus is Streptococcus uberis. 
5 22. An immunogenic composition according to any one of claims 18-20, 

wherein at least one, preferably at least two of said proteins is selected 
from Table 5 and/or Table 6. 

23. A method for producing an immunogenic composition capable of eliciting 
an immune response against at least two strains and/or serotypes of 

10 Streptococcus, said method comprising providing a cell with at least one 

recombinant vector, said at least one vector comprising a nucleic acid 
sequence encoding at least one protein obtainable by a method according to 
any one of claims 1-14 and/or at least one protein selected from Table 5 
and/or Table 6, and/or an immunogenic part, derivative and/or analogue 

15 thereof. 

24. A recombinant nucleic acid molecule comprising a nucleic acid sequence 
encoding at least two proteins obtainable by a method according to any one 
of claims 1-14 and/or at least two proteins selected from Table 5 and/or 
Table 6, and/or an immunogenic part of at least one of said proteins, under 

20 the control of a functionally linked promoter. 

25. A recombinant carrier comprising a nucleic acid encoding at least two 
proteins obtainable by a method according to any one of claims 1-14 and/or 
selected from Table 5 and/or Table 6, and/or an immunogenic part of at 
least one of said proteins, or a recombinant nucleic acid molecule according 

25 to claim 24. 

26. A recombinant carrier according to claim 25 which is a live carrier. 

27. A recombinant carrier according to claim 25 or 26, which is a Streptococcus 
species. 

28. A recombinant carrier according to claim 27, wherein said streptococcus 
30 species is a Streptococcus uberis. 
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29. A recombinant carrier according to claim 27 or 28, wherein said 
Streptococcus is lacking at least part of a capsular gene expression product. 

30. A recombinant carrier according to any one of claims 27-29, wherein said 
Streptococcus is a non-capsular streptococcus. 

5 31. A recombinant carrier according to any one of claims 25-30, comprising a 

nucleic acid encoding at least one protein and/or immunogenic part thereof 
derived from a first Streptococcus strain and/or serotype, and a nucleic acid 
encoding at least one protein and/or immunogenic part thereof derived 
from a second Streptococcus strain and/or serotype. 

32. An isolated host cell comprising a nucleic acid sequence encoding at least 
two proteins obtainable by a method according to any one of claims 1-14 
and/or selected from Table 5 and/or Table 6, and/or an immunogenic part of 
at least one of said proteins, or a recombinant nucleic acid molecule 
according to claim 24 or a recombinant carrier according to any one of 
claims 25-31. 

33. An immunogenic composition capable of eliciting an immune response 
against Streptococcus, said composition comprising a recombinant carrier 
according to any one of claims 25-31. 

34. An immunogenic composition according to any of claims 18-22 and/or 33 
for use as a medicament. 

35. Use of an immunogenic composition according to any one of claims 18-22 
and/or 33 for the preparation of a medicament against Streptococcus uberis 
mastitis. 

36. Use of an immunogenic composition according to any one of claims 18-22 
and/or 33 for the preparation of a vaccine. 

37. A method for decreasing and/or controlling the number of Streptococcus 
organisms in an individual and/or non-human animal comprising 
providing said individual and/or non-human animal with an immunogenic 
composition according to any one of claims 18-22 and/or 33. 
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38. A pharmaceutical composition comprising an immunogenic composition 
according to any one of claims 18-22 and/or 33 and a suitable carrier, 
diluent and/or excipient. 

39. A method for measuring the immunity of an individual and/or non-human 
5 animal against Streptococcus, said method comprising determining in at 

least one sample from said individual and/or animal the presence of 
antibodies directed against a protein obtainable by a method according to 
any one of claims 1-14 and/or selected from Table 5 and/or Table 6, or an 
immunogenic part thereof. 
10 40. A diagnostic kit comprising at least one protein obtainable by a method 
according to any one of claims 1-14 and/or selected from Table 5 and/or 
Table 6, or an immunogenic part thereof, and a means of detecting 
antibody binding to said protein or immunogenic part thereof. 

41. An immunogenic composition capable of eliciting an immune response 
15 against Streptococcus uberis comprising at least two recombinant and/or 

isolated surface proteins derived from at least one Streptococcus uberis 
strain, and/or an immunogenic part or analogue or derivative of either or 
both of said proteins. 

42. An immunogenic composition according to claim 41, wherein said at least 
20 two proteins are selected from Table 5 and/or Table 6. 

43. A method for producing an immunogenic composition according to claim 41 
or 42, said method comprising providing a cell with a recombinant vector, 
said vector comprising a nucleic acid encoding at least two proteins as 
listed in Table 5 and/or Table 6, and/or an immunogenic part or analogue 

25 or derivative of either or both of said proteins. 

44. A method according to claim 43, comprising providing at least two cells 
with a recombinant vector according to claim 43 and/or a recombinant 
vector comprising a nucleic acid encoding a protein as listed in Table 5 
and/or Table 6, and/or an immunogenic part or analogue or derivative of 

30 either or both of said proteins. 
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45. A recombinant molecule comprising a nucleic acid sequence encoding a 
protein as listed in Table 5 and/or Table 6, and/or an immunogenic part or 
analogue or derivative thereof under the control of a functionally linked 
promoter. 

5 46. A recombinant molecule comprising a nucleic acid sequence encoding at 
least two proteins as listed in Table 5 and/or table 6, and/or an 
immunogenic part or analogue or derivative of either or both of said 
proteins under the control of a functionally linked promoter. 

47. A live recombinant carrier comprising a nucleic acid sequence according to 
claim 45 or 46. 

48. An isolated host cell comprising a nucleic acid sequence according to claim 
45 or 46. 

49. An isolated and/or recombinant proteinaceous molecule that has at least 
80% sequence identity to a protein encoded by a nucleic acid according to 
claim 45 or 46. 

50. An isolated and/or recombinant proteinaceous molecule that has at least 
95% sequence identity to a proteinaceous molecule encoded by a nucleic 
acid according to claim 45 or 46. 

51. An isolated and/or recombinant proteinaceous molecule comprising a 
stretch of at least 25 consecutive amino acids of a proteinaceous molecule 
encoded by a nucleic acid according to claim 45 or 46. 

52. A nucleic acid encoding a proteinaceous molecule according to any of 
claims 49 to 51. 

53. An immunogenic composition according to claim 40 or 41, said composition 
comprising an isolated and/or recombinant proteinaceous molecule 
according to any of claims 49 to 51. 

54. An immunogenic composition capable of eliciting an immune response 
against Streptococcus uberis, said composition comprising a live or killed 
recombinant carrier according to claim 47. 
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55. An immunogenic composition according to claim 54, wherein said live or 
killed recombinant carrier is a Streptococcus species. 

56, An immunogenic composition according to claim 54 or 55, wherein said live 
or killed recombinant carrier is a Streptococcus uberis. 

5 57. An immunogenic composition capable of eliciting an immune response 
against Streptococcus uberis, said composition comprising a nucleic acid 
according to claim 45 or 55. 
58. An immunogenic composition according to claim 41 or 42 and/or claims 53 
to 57 as a medicament. 
10 59. Use of an immunogenic composition according to claim 41 or 42 and/or 

claims 53 to 57 for the preparation of a medicament against Streptococcus 
uberis mastitis. 

60. Use of an immunogenic composition according to claim 41 or 42 and/or 

claims 53 to 57 for the preparation of a vaccine. 
15 61. Use of an immunogenic composition according to claim 41 or 42 and/or 

claims 53 to 57 for decreasing and/or controlling the number of S.uberis 

organisms in the milk and/or an udder of a cow. 
62. A pharmaceutical composition comprising an immunogenic composition 

according to claim 41 or 42 and/or 53 to 57 and a suitable carrier. 
20 63. A method for measuring the immunity of an animal against S.uberis, said 

method comprising determining in at least one sample from said animal 

the presence of antibodies directed against a protein selected from Table 5 

and/or Table 6, or a protein according to any one of claims 49 to 51 or an 

immunogenic part thereof. 
25 64. A diagnostic kit comprising at least one protein selected from Table 5 

and/or Table 6, or a protein according to any one of claims 49 to 51 or an 

immunogenic part thereof and a means of detecting antibody binding to 

said protein or immunogenic part thereof. 
65. A method for detecting S.uberis immunogenic strains, said method 
30 comprising isolating nucleic acid from a S.uberis organism from a case of 
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mastitis, subjecting said nucleic acid to a PGR comprising a nucleic acid 
according to claim 45, 46 or 52, or a primer thereof. 
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Fig. 1A 

FACS analysis on intact S. uberis strain 41-241 
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Fig. 1B 

FACS analysis on intact S. uberis strain O140J 
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Coomassie brilliant blue stained 2D proteome patterns. 

Fig. 2 
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Fig. 3A 
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Fig. 3A, Condt. 
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Fig. 3A, Condt 
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Fig. 3B 
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Fig. 3B, Condt 
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Fig. 3B, Condt 
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Fig. 3C 
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Fig. 3C, Condt 
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Fig. 3C, Condt 
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Fig. 4 

Nucleic acid sequences and amino acid sequences of S.uberis proteins of table 5 



SEQ ID 4 

atgactgagaacctaatcggaaatttatcgttattegaactttcaatcttattattacttatttttgttgctgcatattt 

tatttatttagcagttcgtgactatcgaaatgccaaaattattcggcaaatgagtcataaaatccgtgacctaatcaatg 

gtcgttacacggatgaaatcaatgaaaaagctgatattgagctcattgaactttcagagcaactcaatgatttatcggat 

gtctttcgattgacccatgaaaatcttgcccaggaaaaaaatcgcttagccagtattttggcctacatgagtgatggggt 

tttggcaacagaccgaactggtcaaatcatgatgattaacgaaaccgcccaaaaacaattgaatatttcgaaagaagaag 

cccttttaatgaatatcacggatttgttagggcaagacactccctatacctaccgggaattggtttccaaaacaccgatt 

gttaccttgaatagacgcgatgagactggtgaatttatcaccctcaggctgcgctttgccttgaatagaagagaaagtgg 

attcatttcggggcttgttgtcgtcctacatgacactaccgaacaggaaaaagaagaacgtgagcgtcgcctctttgttt 

cgaatgttagtcacgaattaagaacgccattgacatcagtcaaatcctatttggaagccctggatgagggtgccttaaaa 

gaagatatcgcaccaagtttcatcaaagtttcactagatgaaaccaatcggatgatgcgaatgatttcggacttgttaaa 

cctgtetegtattgatearcaagtcacagctrtagcagttgaaatgarc^ 

atcgttfctgatttagtgagaaaccaaaatacagtttcagggaaaagctatgaaattatacgagattatcctattacttct 

gtttggctagaaattgacaatgataaaatgacacaagtcattgaaaacattttaaataatgctatcaaatattcacctga 

tggtggteaaartcgtgttaagatgaaaacaacagatagtcaattgattatctetatttcggatcaaggatta 

caaagaaagatcttcctttgatttttgaccgattttatcgggtggataaagcacgcagtcgtgcacaaggtggaacaggt 

ttoggacttgccattgclaaagaaattgtaaaacaacataatggttttatatgggcaaaaagtgactatggcaaaggctc 

gacctttacaattgtattgccatatgaaaaagatgttgttgcaggaacagatgatgaatgggaggatgatattgac 

MTENLIGNI^LFEIJ5ILIXUFVAAYFIYIAVTa)YRNAKIIRQMS 

ELIELSEQIJsJDI^DWRLTHENlJVQEKNRIASIlAYMSDGV^ 

SKEEALIJVINITDLLGQDTPYTYRELVSKTPrVTLNRRDETGEF 

VLHDTTEQEKEERERRIJ^SNVSHELOT 

MMRMISDII^ISRIDNQVTALAVEMTO^ 

V^IDNDKMTQVIEMI^NAIKYSPD^ 

RVDKARSRAQGGTGLGIJtfAKEIVKQHNGFIWAKS^^ 

DDID 
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SEQID5 

atgaaattcataaaaatcttattatctcaaatcgtcagtctatttttgctcttaacaatcagtttacatgctttagagac 

agtcaatgcagctgtactgggggatgactatcccattgcatggaaatccggttggggtacagacacttggggaatgtacc 

gaaggcaatgcacctcatttgttgcttttagattgaatcaagtaaatgggctttcaatcccttctggtttaggaaatgct 

gatacttggggtcatattgctagacgaatggggtatcctgttaatgatatcccagcagtaggagccgttgcctggtttga 

taaaggaateaatggttctcatrttgrctatggacatgtctcc^ 

aagaatataattttgatgccggacaaggtcctgaacaatatcatagaagagtcattaacagtcatcaagteagtggtttt 

attcatttcaaagatgtcgatactggaagtattcccatctcttctcctatgcaaagcccgagateaacaatte 

agggagttatcattttaccgaacagatgcccataaaagctcagcctattgccaatagccaagcaattgccttttaccagg 

ccggccaaatggtteactatgataaaaccgtaattgctgatggttatcaatggctatcatacattgcctattetgg^caa 

agacgctacateccaattgctaaggtaacttctaaggaaagttcaaaa^ggaggactttgccccaggtgaccaag^ac 

tttttctggtgtttaccaagtcactcaaattcatgg^agcctgctttctagtaaggacttagctggtggagagcctggtc 

ctctaaattggttagatccaggtcxtgtccttgaaagcaacagagacggacaacaaagtggagatx:aaatactctacccc 

ggcgatttctttetcattccaggaaactacaaagttttecagattcacaaggaaacaaaaggtctccttattcaaatagg 

aaaccgacaaacttgggtatcaatgaacaaggttcagaaatctaca 

MKFIKILLSQIVSLFUJ,TISLHALETVNAAVI^ 
RLNQVNGU5IPSGIX5NADTWGHIARRMGYPVNDIPAVGA 

EWGNLVTI^EYNFDAGQGPEQYHRRVmSHQVSGFIHFKDVDTGSIPISSPMQSPRSTff 

S YHFTEQMPIKAQPIANSQAIAWQAGQMVHYDKTVIAD GYQWLSYIAYSG QRRYIP1AKVTSK 

ESSKQEDFAPGDQVTFSGVYQVTQIHGSIX3SKDIAGG 

DQn^YPGDFFHPG^CVLQIHKETKGLLIQIGNRQTWVSMNKVQKST 

SEQ ID 9 

atgactattatxaaaaacatcctggtgaaaataagctgttgccatagtaaagccttcacccttgcggagagtctcctgtg 

tctggcagtgacgaajttcaccattctgttgctaagtagctctctggcgggtgtttatgaaagtgtggaaagagaattgt 

ttttcatttcctttgaacatttttatc^^ 

acagcacatcgtatcaaatatggtcagcgtgaattagtgatt^ 

ttttaacaaaacaggtggtagtcattccttagcaaaaattgagtggcaaacaccaagggagaaattgacataccagctaa 
atctagggagtggaaattatcaaaaacgaagacat 

MTIIKNILVKISCCHSKAFTLAES^ 

KMSVIJKQEESALHFTAHRIKYGQRELVlPDHIRLLNQGTff 
TYQLNLGSGNYQKRRH 
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SEQID 11 

atgatcaatctaaaggtaaatactgtccctattcaaaaggagaaaggaattatgaagcaagaaaagaaatgtgttaattg 

gtttatgcgcaagcgggggaaacaatggatttatggttgtggcattttaatttgtggcttggttttcggagttgaagcta 

cttcagtcgctgctgagactattecaacaacagcaacagttgagactttaaattcagatgtaacaagtaagacatc 

gaaacacagaagactactgaaatagcaacaccagtttcagaaatagttatgccatctcaacaaaaagttgttgaggaggt 

aactcaagaagttagcgtacaaaatcaagagacggtcataaatatgcctgtgttaactcaaggagtaaatatagcaggac 

caaatgaaacggctatattaacggatlxjgattgtccaaaacaatgttcaacctattgatagagttgagaaaatggaaaca 

tccttttctaccgaattgactaagaaagctgaaagtagctataatacaaatcttcaagatttgaattatgatccaaatgt 

ttgggaagttcgtgaagatggtttgtatagtaacgctgttggaaaaggtgacaattlwtattttcagcatcaactggtg 

aaaactttatcttccaaacagacgtaacctttx:ttcaaaataccggagcagcttcactcgttttccgttcaaacaatgat 

cctgaaaatcteaatggttatgttgttaat<Atgatggaaattcacacaaagcaaggttatggcgttgggctgaagcaaa 

tttaattaatgacaaagaaattctagccagtccggacaataaatatttcttaaaagtagtggcgactaacgggtggattt 

catactacattaatggtattttgattgcaaacttgagcgactacactatacaacgtgatgaccttggtcaaacaacatat 

attaaagatggtcattttggtcttttgaactggaatggtgaaatggtc^^ 

tgaagagttacctcttcttaatgatgtgacggtaacgtcaaaaaacggtccagttgaacctaaaggacaatttttttcag 

agagttcaglttatattcaatatgtatcaaacgatgcctcaacggtggacttgagctttgatgctaataattcagatgca 

ctaataacagtgactgatgctcatggtaaagttUttcaaatccaagcgcaattcctgtaactgttggaccaaattatct 

cacggtgacaagtacttacacaacaacagatggctacgtaatcccctcaacataccgtattaatgttcaccggcgtcaac 

cacagtcagtttattataatgaaaacttccgtgatcaatatcaft^ 

ggattagtttactataatggtgtttatcatatgttttaccaattctacgatgatacaaaatgggggccaatgcattgggc 
acatgcaacaagtactgatttgattrattgggaagaccaaccaattgc 

caggctgtatagtggcagatgttaataattctagtggactttttgatagtgaaaatggtggattagtagctctcattacg 
attaacggggaagggcaacgcattaaacttgcatatagtactgatgaagggaaaacctggcaaaaagtggatgaaattgt 
agcggattggactacagacccartacaaactcgtgattttcgtgaccct^aagttttccgttgggaaaataaatggttta 
tggtaattgcaggtggaccactacgtctttattcatcagatgatcU^ 

cttcatacagaatgtccagatctttecccagtcttggcggaagatcagacagtgaaatgggttctttctcgcggtggtcg 

ttattacaaagttggtgatttacaacaagctgacggaaattggaaattcataccagatgctaattaccaagaaacagata 

gtatcatgaattttggtaaagatt^tatgctgcgatgacatactatgtacaagattttggtaccaaagctaatccaart 

atix:caaagattattgaattgaattggatgaatacttgggataactattgcaaccttgtagctgatcgcttaggtcagtc 

atttaatgggactttteaccttaatttagaacttggtcttgtcaaagaaggtgataagtatgttcttactcagacaccg 

ttgaagcttatgaaagtttacgtgataatgacaacaaagttgaatacaaaaatgttgtcgttggtaaagaaaatgacctt 

tttaaagatttttctggagatacttatgaaattgttgctcactttaaaccgagtgacaaaacaacaaaagttggtttcaa 

ccttagagttggttcaggggagatgactaaggtttactatgatttgatagcaggacgaatcattatcgaccgaagtcaat 

caggcattatattgacggaactttttagteatattgatagtcaggctgtaacacctaatattgatggaagtattgatcta 

racatttttgttgatcgtgctagtgttgaagttttttcaaaaaat^ 

agctcaaagtctaggattggaagtactcattgatggtgaagatgctaaagcagatettgtcttatatccattaaagagca 
tctggaaaaataaaattattgatacaacaccccaaattgttattccagctagtgaaccaaaagtacggatgaatgtgggt 
gatagcacaaccgtaaaagcttafcgtttcaccagttggggcgagtra^ 

agttttegatcaaatatcaggtaatcaggtttttcttaaagcgattaagaaaggacaagttattgtaagagcacagtcac 

aatctaatccagcagtttatcaagattttattattgatattttagaagataacttcaatacaaatgtteaagatgtg 

gtattttctggcgattggtacgttgatggcgaatctttgaaagttgcaaatcacaattcaaacgacatttacatgtcagc 

agataagataccatatgaaaattatcaaatggacttggatataaaatatggtcgaggaattgtaaatatcttctttgctt 

caggtaatcctgacgctaacaacgcttatactatccaatttggtagcaataattcagttcgtttgttccgcttctacaga 

gatactatttttgaggcgccaatgatagatgtgattaatgacaatcaattccaccatgttcgattggtgaaatcagcaaa 

tgtcatccatgtttatgttgataatgaaatggtaatgtcttacacatttgatcaagttgaagagtttttcaacaatccat 

accttggcctaggtctttgggatggcgaactagctgttcagaacttttatgtaattgatttagatgcgcaaaaacctgtt 

tttgttgaagagcatgagaaagagaaactactatcagaattaaaaaaatcagtggttaaaacaagttcatattcaactct 

aaaaacaatagagacgtcttcaaaaacaaattctgagaacttagaagctccgactgtttctaagaaaaacttacctatga 

caagtgatagtaacaataatttagaggaactgggtatattagtaattctaacgactttaggagcttttttaggacgcgtt 

attttaaaaaaagaaaaataa 
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MKQEKKCVWWFMRKRGKQWrV'GCGii-auvjiL.v ru v ntxio v /wiCf nr i iatvu. ii^ibuv nsivisw 

ETQKTTEUTPVSEIVMPSQQKVVEEVT^ 

VQNlsTVQPIDRVEKMETSFSTELTKJ^ 

El^SASTGENFlFQTDVTFI^OTGAASLWRSN^PEm^ 

UhTOKEII^PDhTCCYFlJCWATNGWI^^ 

NGEMVFQNTFYRELTNEELPU^DVTVTSKNGPVEPKGQFFSESSVYIQYVSM>A^ 

AlWSDAUTVTDAHGKyYSNPSAIPVWGP>m^^^ 

YNENFRDQYHYSVTO)GWANDPNGLVYYNGVYHMFYQFYDDTKWGPM 

EDQPIAFYPDYNGTMFSGCIVADVNNSSGIJPDSENGGLVAUTrNGEGQRIKIAYSTDEGKW 

QKTOEIVADWTTDPI^TRDFRDPKVFRVra 

HTECPDLYPVIAEDQTVKVmJSRGGRYYKVGDLQQADGNWKFIPDAOT 
YAAMTYWQDFGTKANPTIPKnELNVVMmWDNYC 
GDKYVLTQTPVEAYESU^NDNKVEYKNVVVGKE^ 
FNLRVGSGENn , K\nnfDI^GRIIIDRSQSGIILra 

FSKNHTVAGANQIFTSAQSLGLEVLIDGEDAKADIVLYPUCSnVKNKIIDT^ 

MNVGDSTTVKAWSPVGASQDUVWISNPSLVLDQISGNQWLK^ 

YQDFin>ILEDNFNTWKDVNWSGDWYVDGESLKVANHNShn) 

KYGRGIVMFFASGNPDANNAYTIQFGSNNSV^ 

A^HVYVDNEMVMSYTFDQVIIEFFNNPYU^^ 

IG5KLLSELKKSVVKTSSYSTLKTI 

TTLGAFLGRVILKKEK 



SEQ ID 12 

atggctgaacttgaaacacaaaaaactcagttaacttctgcggttaatactacaaaatctcaattagaccaagctaagca 
agtattgagtaacttacaagcaacacctcttcaaactcaaaatgctcaatctaaacttgatcaagcgaaagtagagttag 
cacttgcacaagataactatgttaaagoccaagaagctgttaaattagc^ 

ctaaaaaatgcccaagccgacctattagataagcaaaatattttgaatgaagcacaagcaacccttgcagaaagtcaatt 

agtattagctagtttacaatctaaccttaaagaagcacaagcaagtttggcagaagctaaaacatcgttagataccgcta 

aaacaaatcttgcacagaaacaagcatacttactttctcttcaaaatgcgcctaaagttctagcagaagctcaagctaaa 

cttgttactgctaaaagtgatttagccaaaaaaatggctattttagacaaagaagtagccaaattaaaagaattacaagc 

tgtteaagctgaagctcaaaaccaatatagtattgtttttgaagcttttaaagc^gtacaagaagctaagaaacaagctg 

aattaacagaaatctatgagcatattatctcagaaggaggagaagcaataccagttgttgacgaaacaggtaaaataact 

ggttatgtagatggtagtaagaaaattgttactaatgaaacgagttttgagcteattagtacagataaatcacctgttga 

atcaccagtcaatcaggaaaacaaattagtaagttcttcaactaatgatttaccgaatactggtgaatcaagcattgcac 

cattcacagcaatl^gagcaattatcttatcagttcttggactattagggtttaaaaaacgtcgtacttat 

MAELETQKTQLTSAVNITKSQLDQAKQV^ 

KAQEAVKIASQELVVKEANLKNAQADLU)K^ 

AEAKTSLDTAKTNIAQKQAYIASLQN^^ 

QAVQAEAQNQYSIVFEAFKAVQEAKKQAELTErYEHIISEGGEAIPVVDETGKITGYVDGSICKI 

VTNETSFELISTDKSPVESPVNQENKLVSSSTNDLPNTGESSIAPFTAIGAIILSVU} 

RTY 
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SEQ ID 14 

atgacacacatgaataaaaacggacgctacaagcaacgctttagcctccgcaagtacaaatttggtgcagcttccgtcct 

cctaggaaccatcttcgccctaggcatgaccggaacaacagcacaggctcaggaaggatgggctggaagtggtctaggag 

tacctggcgttggagtacctggcgttggagtacctggcgttggagtacctggcgttggagtacccggagtaggtgtacca 

ggtgtaggagtcccaggcgtaggtgtacctggtgtaggagtcccaggcgtaggcgtaccaggagtaggagtaccaagtgg 

ttaUataatggctttgattatggaacaggttat^gttcagggtacgggaatttaggttatcctatgcccgtacctgtac 

caggacctatgggccctccgggaatgccaggattgcctggaccagcaggtccgtcaggaccagttggaagaacaggtgag 

gctggacaacctggac^gcaggtgctcgcggagagcaaggaccagcaggaccaagaggtgaggctggtgcaactggacc 

aagaggtgaagcaggtcctcaaggtaaggaaggaccggcaggaccagcaggtgcaaaaggtgaacaaggtccccgtggtc 

aaaaaggtgaaaaaggtgatcgcggacgtgatggattacaaggtttacaaggaaagccaggtaaagatggccgtgatgga 

caaaagggagaaaaagg^gata^ggtaaaaatggtaagcaaggccctgcaggacgtgatggcttgaatggtcaaaaagg 

tgacccaggtaagaacggtctaaatggtaaaccaggtgctaaaggtgctgatggtcaagatggtcgcgatggtcgtgacg 

gtaacccaggtaaaccaggtaagaacggtgctaaaggaacaccaggtc^ 

ggtaccaatggtgtagccggtaaaaatggtcgtgacggtgccaaaggccgtgatggtaaagatggcgctaaaggtcaaga 

cggtaaacacggtcgcaacggtcaagatggcagacatggacaagacggtgtcgatggccgtaatggtctagatggtcgcc 

gtggtcgtgacggacgtgatggtcgtgatggtatcgacggtgtcgatggtcgtgacggtttatcaccaatcattaaaacc 

atgacacactctgatggaagccatactatecacttcctcaacccagatggcacacgttcagaaatcacccttcgtg 

taagaacggtcaagatggaaaagatggcgctccaggtcgtgacggtgtagacggtaaagacggtgcaccaggacgtgatg 

gccgtgatggtaaagacggtatgccaggtcgtgacggacgtgacggtcacgatggcaaagacggcatgccaggacgcgat 

ggcatgaacggtaaagatggtcaagcagcagcaggcaacactgctggcaaaggcaatgcttcagacatgaaacctaaagc 

tatggcagcacctgcagcaatgactaaccaaaacgctcatgcaaataacaaaggtccagctacagcgcaattgccatcaa 

ctggtgacaaggcteacccattettcacaaccgcagccctagra 

aaacgcaaagaagat 

MTHMNKNGRYKQRFSLRKYKFGAASVlXGTIFAIXiMTGTT 

VGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPGVGVPSGYNNGFDYGTGVGSGY 

GNLGYPMPVPVPGPMGPPGMPGLPGPAGPSGPVGRTGEAGQPGPAGARGEQGPAGPRGEAG 

ATGPRGEAGPQGKEGPAGPAGAKGEQGPRGQKGEKGDRGRDGLQGLQGKPGKDGRDGQKG 

EKGDPGKNGKQGPAGRDGLNGQKGDPGKNGLNGKPGAKGADGQDGRDGRDGNPGKPGKN 

GAKGTPGRDGAKGRDGKDGTNGVAGKNGRDGAKGRDGKDGAKGQDGKHGRNGQDGRHGQ 

DGVDGRNGU)GRRGRDGRDGRDGIDGVDGRDGLSPnKimHSDGSOT^ 

RDGKNGQDGKDGAPGRDGVDGKDGAPGRDGRDGKDGMPGRDGRDGHDGKDGMPGRDGM 

NGKDGQAAAGOTAGKGNASDMKPKAMAAPAAMTNQNAJ^ 

TTAALAVMASAGMVAVSRKRKEO 
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SEQ ID 15 

atgaaaaagcatattgtgttaaaaagcagtattttaggtcttgtcgctggaatgtcagttttagtatcatctgtacaagc 
tgatcaagttgatgttcaaattttaggagttoatgatttra^ 

atgcctgatggaaaagtgtctggggctgggacagcggctcaattagatgcatacatggatcaagcgcaagcagattttaa 

ccaaactagtccaacfcggaacaagtatccgtgtacaagctggtgatatggtcggtgcaagtcctgcaaattctggattac 

tacaagatgagcctacagtccaagtatttaatgaaatgggcgttgaatacggaacactaggaaaccatgaatttgatgaa 

ggattagctgagtataaccgtattatgactggcactgcacctgcagctgattcaagcatcaaccaaattacaaaagatta 

tacacacattccatcggaccaaacaattgttatcgctaacgtggttgataaaacaactggagagattccgtataactggc 

aaccatatgctataaaaaatattcctgtaaacaacacttctgtgaatatcggttttettggagttgttacaacagaaatt 

ccaaatctcgtcttaaaacaaaactatgagcaatacaatttcttagacgaagcggaaactattgccaaatatgccaa 

attacaaggacaaaatgttaatgccttagttgtattagrtcatattcctgcaacaagtggtaaagatggtatagtaggcg 

acgaaatcgctacaataatggataaggttaaccaattatatcctgacaatagcattgatattetttttgcaggtcataat 

caccagtatacaaatggaaccatcggttctactcgaattgttgaagcactatcccagggtaaagcatacgctgatgtgcg 

tggtacacttgacactgatacacaagactttatagctacccctactgctcaagttgttgcagttgcacctggcgttttaa 

caggcacagctgaaatccaagctattgttgatgaagctaatacaattgttaaacaagtgactgatcaaaaaatcggaact 

gccgcaagttcagaattaattteacgtgaagtaaatgtagataaagaatrt^ 

attgacagttgctcgtgaaacatatcctgatgttgattttgctattacaaataacggaggaatccgagcagatttactag 

taagtagtgatcaaagcattacttggggtgctgctc^agcagttcaaccttttggaaatatcctacaaatagttgagcta 

actggtcaagaaatatacgatgccttaaatgaacagtatgatgaggggcaaaaatacttcctccaaatgtcaggcttacg 

ctatgcatacactgatagtggctcaactgaccctcttgttccatttaaagttgtgaaagcttacaaagacaatggagaag 

aaatcgatccaaatgctacttataaattagtcattaatgacttcctatatggtggtggtgatggttttgcaacattcaaa 

aaagggaaattattaggagcaattaatcctgatactgaggtctttattaaatatateaaagacttagaagctgctggcaa 

accagtaacagctgcaataacaggggttaaaacctatgttacaacggcccttgagccttcaacaactactgatgcaagtg 

gtactcatgaaatgatcaatcgtgtttaccg^^ 

actccagctcrtgttgaagaaactgaaacacctaaaccagctgttaactctattaagattcctgttaaaacaccaaaata 

tggtcaaagcttaacagcagtaaaagcaggtcagcaagcacaaaaagcaagtgacaaaaaacaattgccaactacttcaa 

gtraagaagacacagcaattctactttcattacttggt^^ 

aataac 

MKIffllVIJCSSIIXJLVAGMSV^ 

AAQLJ)AYMDQAQADFNQTSPTGTSIR^ 

LGNHEFDEGIAEYNRIMTGTAPAADSSINQITKD^ 

AIKNIPVNbn^VNIGPIGVVTTEIP^VLKQNYEQYNPLDE^ 

HIPATSGKDGIVGDEIATMDKWQLYPDNSIDIIFAGHNH^ 

WGTU3TDTQDFIATFTAQWAVAPGVLTGTAEIQA 

VNVDKESAVGNIJTTAQLTVARETYPDVDFAITO 

I^IVELTGQEimU^QYDEGQKYFLQ^ 

NATYTOjVINDFLYGGGDGFATFKKGKLI*GAINPDTEW 

TALBPSTTTOASGTHBMINRVYIU)RDGKrVATEWS 

KYGQSLTAVKAGQQAQKASDKKQLPTTSSQEDTAII^ 
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SEQID 16 

atgaagaagaaacaagaaatgaag^actacctcaggaaatctgcctatggcttagcagccgtatcagtagcagtcctcgc 

ag^ggaagtccggtatctgcacaggagaaagctgcaagcaccgaagctaccccaaaggtagcaccaaaagttecagaaa 

aaccaagtaaagaagttataaaaaaagctttaaagaaaactgatgaagaaacaaaagaaaaagagaaagaagccaaagaa 

aaagtagaaaattagaagaatcaacggctatggtttcagagctatc^ 

gaataatactgatgaagaggaaacagatggtttagaaagtgaagaatctgaagaaacagaatccgaagtcaaagaagaat 



gagggaaatgactcatcaaaacctgaaacttcagaagaggtaactgctgaagaagaccgtcaagagactgatcggcttgc 



tccaagtagctaaaagaagtgaaagcttggaacagaaagctgaaaatgctaagacaagcacaaatcttcaaaatactcaa 
attecagtacaagaggcaaaaagaactcaagcccaattgccaagtacaggagaagattaccaagcttatcttgtggccgc 

ag 



MKKKQEMKYYIJtKSAYGLAAVSVAVLAVGSPV^^ 
AiJOCTDEETKEKEKEAKEKVENSEESTAMVSEL 

ETESEVKEESEEEKEDDPSESDTEVENVEM^EAEGNDSSKPETSEEVTAEEDRQETDRLA 

EVKTEESAKEGDEDADKKDEAEEKAKKGAEIJSRVKA£AIAKLEA^ 

GII^FMKESI^QI^AARASEQAKAPEV^^ 

TSTNI^OTQIPVQEAKRTQAQUOT^ 
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SEQ ID 17 

atgactaaaaatcgttctagtcattctacctatgrt^ 

cgcattcgtttttgcacaacaggttagtgcagaagaagtggtaacfcgctacaaacacgtctttaactgcaccaaccgtta 
caacagtttcaccgctgacaaatecggatgtttctgctactgcggtcgctgcagattoattgcaagcccagtaacgact 
acagatagtaateteaattcagctccaattatagatacaagcaatcc^ 

ttcaacaacttcatctgacacgacttcatcacctatccccgtaaccttaaataaagcagcaattgctagcccaacaagtc 

aaacggaaaccctagcaagccaagaaatttacatggataaggtcaatcaagtgaccataaatacaacagtaaatccagca 

actccaatgacctggacgattgaaaattatcctaatcaaacctataatatgcaaaccggtgattttactggatctccaag 

ttatacagti^catcaac^Btccaaataatagtag^gttcaaattgaaattccgccactttttggaacagatttaagtc 

tacgttggccaaacaatatcagacgtacttaccgtgattatatgggttcctatacacttaaagggatcagtgaagatggt 

cttaccattgtcaccaaagaattgattctacgaccttatgctgattacatgacacatgaggaactgctaaatgaattaaa 

tgctattgaagctaatcatgcaacagaccgtttggtaacaatagaaacaatcggtcaaagtgctttaggaaatgctatta 

aaatgggaattgtagctaaagatcaagctagcttagatacctatttaaatcaaacaaccccaatgatgttgatggatcct 

gaccaagcattgaatctcttagcacaaggaaaatttgattetaaactccctatcttaatcaataatacccatgcggatga 

acagccaggaattgatgttgttcgcggtcttttcaaaacttttgcaacagagtcagttatcaactatcaaactgttgatg 

ccgctaataatcraacaacagtecaaattgatatcaaagctctcttagacaaagtcatectacttttcaacttcacagaa 

aatcctgatggagacattgccaatacacgcgcccttaataacggattagatccaaaccgggatactggctatcaaaccaa 

tccagaaacccgtgccattgttgaacaaattaataagtggaatcctatttcaatttttgacgtgcatggctttgttaaag 

aattcttgattgaaccatgtacaccaccacatgatcctaactt^ 

gcacgagaaatgggaaatgccggcatcacaaactctgtttacgacagctacatcataccaaaatttgattatggttcagg 
atgggatgactccttctcaggatacacagctgtttatggattgtatcaaggtatcttaggacataccattgaaattccag 
aaaccaaccaagaatcctataatgcgggctacttcgcagtcttagcaggtattaattatgacttggcaaatagtgaccag 
ctaatgaaaaataagttaaccttcttttxta^gtatccac^^ 

agtagacggctccgtgaaaggtagaattaaagatggtcacgataccttcttcccagattattatatgattccaatgacat 

tatraactgaaagtgatartgaccaagctttcaagat 
acagcggatgttgctggttatcataaaggtgatttagtcat^^ 

tctctacaaaggagcaaatgaatctgaatggccagctatgtatgcagaattagtgatgaatttccctgcaatgcgtggct 

ttaaagcagatgccatttacgctgatagtttatttgctggaaatcttggag(»gttactttaacaagtg(x;ccaagaacc 

gcgcctagtgataaagaatactatattgtttcaaataattcacttgcagcagtccaagctgtcaatgctgctatccgtgc 

aggaaaaaat^ttatttgaccaatgatggatatgtotggataaagccacttatgaaagtgtcattggtacatacccat 

tatttgctcaagcaacctgtatgaaaccagttggtgacactttgaaagctatcaaagtatatgcacctggaaacccaaac 

ctctatttaggatttaattcaccatcagaagtcagtcttgctctaaatcaaatgggatttgatgtggttccttcagtaga 

tcaggctgatgtcatcgtgttagacaatgatcaatttgacgcaagtattttaggtaaaaaacctgtcatcattttaggtg 

gctctgcaatggctaagttagaaagtttgggtatcttgacaggttttgatgctgccatgactagcgaaagcgatggatca 

agttatgaaggacttatgaaaatctetctagatgccaatagtccttacacgagtggctatgcagcaaattctttatacfca 

ttataactcaggttcttggattgaaggagtcccaacaggatttatg^ 

mcaggatggtggccaaatcatgaaggattagctaataaaacagttgctattagtggtctttatcagggacaaccaatg 

tttatcttcgctggaaatccagtgaataagactcataccattaatttctaccgttgggtgagtaatgctatttttggaac 

aaacttaaccagcttcattgaaggtcaatgtactattccaactgactctgaaacacaagttgtaagggttaaccataatg 

gtcaaacagtggcagtttatcaacaagtggctaataaggaagttaatgggacagttagtcaaaatagcttgccagcatta 

gctgatggcagtcacaaagatgacagcaaactcttctgggtaactggattattggttgcaagtgggggattatttgcagc 

tcttaaacgccgtgaggaagac 
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MTKNRSSHSTYADKVIKGLSASCFIIjOrkr vrn^v^njiDv > inux iouinr iy n varbUMUV 

SATA VAADSIASP VTTTDSNLNSAPnDTSNPSNITSPTDTNTSTTSS DTTSSPIPVTLNKAAIAS P 

TSQTETLASQErYMDKVNQVTINTTVNPATPMTWTIENYPNQ 

PNNSSVQffilPPI^GTDISLRWPNNIRRTYRDra^ 

HEELLNELNAIEANHATDRLVTIETIGQSAIXINAIKMGIV 

DQAmilAQGKFDYKLPIUNNTHADEQPGID^^ 

DIKALLDKVIIXFNFTENPDGDIAOTRALNNGLDPNRDTC 

VHGFVKEFLIEPCTPPHDPNFEYDIJPDASL^ 

SFSGYTAVYGLYQGIIXSHTIEIPETNQESYNAGYFAV^ 

KAEVAAAEEAIXTVDGSVKGRIKDGHDTFFPDYYM^^ 

NELTADVAGYHKGDLV1DMAQAKRGFANHVX.YKGANESEWPAMYAELVMNFPAMRGFKAD 
AIYADSLFAGNIXJAVTLTSAPRTAPSDKEYYITO^ 
DKATYESVIGTYPLFAQATCMKPVGDTL^ 
PSVDQADVIVLDNDQFDASILGKKPVlUiGGSAMAKM 

ISLDANSPYTSGYAANSLYYSNSGSWIEGVPTOFMTLANISASDPWSGWWPNH 

ISGLYQGQPJMFIFAGNPVNKTHTINFYRWVSNAIFGTNLTSHEGQCT^ 

QWAVYQQVAhHCEVNGTVSQNSLPAIADGSHKDDSKLFVVVTGLLV 

SEQ ID 18 

atgaaatettatttgaaacgtegttacggtetaatcacaac^ 

aagcacttctgttttggctgaaaatcccacaacatccccaacaaccaccgtcactagtaatggttttaactttaatgcaa 

ctxAtctagatcacaatggcaaaacagtttccgggaaaacagttagtctctatgatattactgatggtaacagaactttg 

gtgcagagtgccgtctctgaccaaaatggtatcgcatcattttcccagttgccactcaaccgaaatctatccgtttttgt 

agataatgtcgctcaaggctacacaacacgtactagtgaaagtggacaagtacgctcctctgccttttatattgatggac 

agggaacaaacacaccaaaatacagtgataagacaatcactattagtgtcctaaatgaggaagctgagccacttgccaat 

caaaa\agtaaccttaaccaatcccctaaaagaggttgttggcgaagcaatgactgatgcagatggtcatgttgttttcaa 

ggataaacttttagaaggtgtcttttacaactatgctgtcaacggaaaagcaattgattctgctcagccagattcaaaaa 

gaagtgtctttttagagtccaatcaactagctaaagaaggatttactttcacagcaactattttaggaaaaaacggcaaa 

actgtcgctggtaaaaccgtaagtctttatgacattactgatggtaacagaactttggtgcagagtgccgtctctgatca 

aaatggtatcgcatcattttctcagttaccacteaaccgaaatctatccgtgtttattgatgatgtggctcaaggctaca 

ccactcgtaccagtgaaaatggacaagtgcgttcatctgcctte 

agtgaraaaawattacgattagcgttcttaatgaggaaggtgaacctctagcta 

cctaaaagaagttattggtgaagcaaatacagatgcaaatgggaaagtcatcttcacagacaagc^ttagatggtgtct 
tttaeacctatgctgtaaatgatcaaacaattgatgctactcaac^ 

caaatcctgaaggaaagccctaaaaatacagcaagcgaggctgctactaatttggaaaaaaccactgaaagcaaagaagg 
taacatgcctx^gcaaaaccaatcagaagcaaaagaaaaggctcct^aaaaacaagtcgatgctaatgctgccaacaaaa 
aagcgcxaggtcatggagaagccaaaaaaggcctaccaatggctggagaaagaggaagtcgcttgttcacctttattgga 
ctttcacttattttaggaatagccggttacttattgaaacataaaaaagtcaaatcc 

MKSYLKRRYGLITTSVLAATVl^TGWQSTSVLAENP^ 

SGKWSLYDITDGNRTLVQSAVSDQNGIASFSQLPLNRNl^VFVDNV 

AFYTDGQGTNTPKYSDKTITISVL^EAEPLANQKOT 

LEGVFYK^ATOGKAmSAQPDSKRSVFLESNQIAKEGFTFTATIUJKNGKW 
DGNRTLVQSAVSDQNGIASFSQLPl>IR^a5VF^DDVAQGYTTRTSENGQVRSSAFYVDGQGTN 
TPKYSDKTITISVL^EGEPLANQKVTLINPIJCEVIGEAOTDANGKVI FTDKLLD G VFYTYAVN 
DQTIDATQPDTSRNWLRADQILKESPKNTAS^ 
EKQVDANAANICKAPGHGEAKKGLPMAGERGSRI^ 
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SEQID 19 

atgtctaagccaatgacaaagaaaaaaaaggctatttctatteaaaagtctgtaaaac^ 

tcaactgtttttacacctUcgtatttgctgaagaagtagtgtctU^ 

attaaccagtcttgagacaacgacctacfctaatggcaagtgagtctccaagtea^ 

gacggcttcaaatccaaatgaaatagtaaccacagagacaaccagcgaggcgattcctttcgacacagaagtcattcaaaatccggattta 
cctataggtgagattaaggtagttcaagaaggagtagctggtgaagtaacg^ 
ctcagtcaactacaactgagtcaagggtawtgtcaaaaaacctatta^ 
uagtagttctgatgttattacagtcagtccatcarcctcttc^ 

gtcaaaatagtcaggaaaagaaaggtagkcagactaaaaaatccaaagatgacgccaaagaaaaagagggtgataagaaagaacttc 
ctccaactggctcaMagaaagtggtattttttctctattttctgcacttattagcacagctttaggtcttttcctattaaaatcaaataaaaatg 
at 

MSKPMTKKKKAISIQKSVKPILGI^ 

TSI^TTTmiASESPSNTLTSDTISSDNGGTASNP^IVTTETTSE 
WQEGVAGBVTVTKTTTTITLN^ 

PSSTSSESNQQGSLTPAPKSRQNSQEKKGSQTKKSKDDAKEKEGDKKELPPTGSQESGIFSLF 
SALISTALGLFLLKSNKND 



SEQ ID 20 

atggaaatcaaacaaaaacatggcaagcatgccttacgcaaagcggl^ccgcagcgg^ 

gcctaggaggattcgcaggagcagtcacaacagtcaaggcggaagatttatttactataaataattcagaagtccaagataa 

gttegaatcaaaggtaaaacaacttttggaagcccaacgaaaaggagaagacattagcgaaaaactacgagagttattaag 

tgaacttccaaccgatatUtaaaggatattatgctateaaatattgaagctgactatcttttaggamctaaaaccagctgttg 

aggaaatggtgagaagatctgaacaaaatgacgagc^ttggaaagatattacagaaaaaacactagctttagaggcttte 

aagatteagaaagagaaattaggaaagaaaaagagaaacttgaggatgaagticaacttgcaaaggtaaaaatagaaac 

taaagaatcagaattaaatgatttaaaaaaagattatattgatactegggaagaattagcagatactattgaagaactagac 

gaagttaaaaattcaattgtagaaaaagaagcaaaagttaaaggcttagaagaaaagttacgtgatttagaaaaagaatt 

aggtgactacgataaaaaattaagtgaagctgctaagcaaaattcagatttatcaaatgaaaacaaagagttgaaagaaaa 

cttagatactgctgagaatattactgttgaacttcagaaaaaatctcsatgaattggaaaaaactaaaaaagaagttgaatta 

gagctgaaagcagaaaaagaagcccttgaggcagaaaaagttaagttagcagaagctaatgaagcaaatgataaactatc 

tgaagaacgtgatgctgccaagaaagaagctgaaaaagttcctgaactagaagggcaagttgaaaaattagttgaagaaat 

cactgctgctaagaaagaagcagaagagcttcaagctaaagccgaaggccttgaaaaagacttcgaagctgttaaagcaga 

aaaagaagcocttgaagctgaaattgctaaattgaaagaagaccaccaaaaagaagtggacgcgcttaatgctctccttgct 

gataaagagaaaatgcttaagagcttacaagaacagcttgacaaagctaaagaagaagct 

atgaagaacgagcaaatgagccaagaagaaaaagctaaattgcaagctgagttggacaaagctaaacaagaattggcag 
aaaaaatcaaagacatgccaaacaaagtggctectcaagccgaaggcaaagccaatgcaggtcaagcagctxxaaatcaaa 
accaaaacaaccaagcgcaagcaaaccaagctaagaacgcaaacaacctcccatcaacaggtgacaaaccagttaacccac 
tcctagtggcaagtggtctctcccteatgat^ 

MEIKQKHGKHA1JRKAVTAAVLAGTAFSSIX5 

lleaqrkgediseklreixselptdilkdimiismead^ 

ditektlaijbalkdsereirkekekij3devq 

ldevknsrvekeakvhkgleeklrdl^ 

nitvt:lqkksheij;ktkkevelelkaek^^ 

pelegqveklveeitaakkeaeelqakaeglekdfts^ 

lnaixadkekmljcsu3eq1^kakeea^^cneqmsqeekakl^ 

kvapqaeg kanag qaapnqnqnnqaqanqakna^n^^lj > stgdkp vnpixvasglslmigaga 

fvyagkrkkg. 
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SEQID 22 

ttgcgatataaaaaaatgacgagategtraaategragaatagttttacaat^ 
tttaaaggaacaatteatgcagatgaaaaagtgattaatggttcagaagcttcaatc^ 

cagacaaattccagaagaaaaggtaactgaggaagctacaaatgatcagccggaacttttagagaagcaagcggcatttttacatgaagg 

a^gaaaaaaatactgagaatttgcctttagatggliagaggaagtctgattgctagtattgattctggagttgatattaagcacgaggcat 

ttgcaaataatgatgataaccatgattttcataaagagacagaagtttctgaaggttctacttcaaaaattcccttt^ 

ggtgataccagtgtgagagatgacgaagaagaacatggtatgcatattgcaggaatcttagttggtgattctaaaaaaggtttcaaa^gg 

atggcacctaaagcacagctaattgcatatcgaacttggagtaaaaataatagtgaaggttatcaagaagcaaaccagttttttgcaatga 

aagatgccatcaaacgtggtgctgacgtgattagcttgagtattggtgagattggtagtgggcaaaacgatgatatttgggcaaaggtatt 

agaagaagcgaaaaagaaaaatgttgttgtcgttgcagcaatgggaaactatgggacatcagcaacaagtaatacttttgatcaagttgtt 

gatgaaacttteecacaaaccgatagttccactttgctttctgtate^ 

gtatttaccaacactaaaaattgatactttagaagtaccttatgaaaatatcaactggcaaaattattacctttttaagcaagaaaagcaag 

aacgtotttcttttaatgaaatgttaatoaccttaaaccaatcaaaagaagaaggaagtttaaaagataaagttgtcatcatagaacgtca 

agcagaaaatatttttcctcaattaaaagaagtgatgaaaaaaggtgctaaaggt^ 

gtaac 

tatgagacagttccagaattaagaaateccttattagatgatgaagatggtga^ 

atggtaaagcattgaaagattaccttcaaaaacaagacaagaaaaaaagctattcacttgtgtttaatacaaaaccacaattgaaacatg 
ttttcaaatatccaggtgtatoaggttttagtacttgggggccaggtcttgatttaacccttaaacctgatatagtagcaccgggagaaaatat 
fctattetaraggtaatgataatagctattttattagtagcgggacttcaa 

gtgacaaaaaaatggcaaaaaaaatgggaaaaacaaaatgtttccatgtctataccacaattaacgaagttattgttccaaaatacagcg 
gatattctttatgatcatagtgtcccaaatggtaaacctatattaccttactcacctcgaagacaaggggcaggggctttaaatgtgaaaaaa 
gcagcacagacgaatgtttttetaacttctgcagataataaaggagcaata^ 

ttgtgatcagaaacttttcggatcaagtcagacgctttaaaattgaaccaggatcagttttaggaaagattctttattcaaaagacagaaaa 
aattatgataaaaatgagactattcaaaccgtgcactcfcagggttattaaagattcggc^ 

aacagttcaatgattcttcct^taaaacttaatgtgggaaaagcagttgaaaatgaatttgtggaagggtttetaaagcttcgctcattaga 

gaaagatcaaccggatttaaacattccattcat^ggattttatggtgattggaactcagaaaacattttagatccagtagcctggcaagaag 

gaagcaagactcgtttaactggtatcgttcatccatatggtttaggagaagataaatttgatatcgtgccttggggggttgactatgaaa 

ggaagcaagaccctaaagctttagatgcagatcaacggttttatgtfcatgcagagtcaggctggcattgccaaccatgctaaaatgcgtcta 

cgt 

ttaatatttatgcgacatgctaaggattaccgtgttgatetcctaaattctcaaaaagacaaggtttteaaaaccttaaaaacaggtca 
gcccctaagtatatggaaagtgcattattagaacatggagatcaatatcaaatgcaatttgcagattttgatcctgatttagaatgggatgg 
aagtgtctetaatcctaaaacaaacactgaagaccccttocctgacggaaactattttattcgggtttcctccagaatcag^aaaaatcgtcc 
atatcaagagcatattattccctttgccattgataato 

gatgatgctcacctteaaggaataaggctagtaaaagateatoagattattcaaaccttagaaacagacactcaaggaagatttcgactta 
atx*tgctgattUx:aaggtaagggatttgaattagaggctatagattt^^ 

aaagaagtaggatatttetttggcgcaagtagtagttataacaaatccaggtatcgatcaccaaggtcagtagcccataaaaatgctgaag 
atattcttcatgagaattcagaggaaagtgaggagatagcatcagcattaacttttgaagatgggagtgattttcacgatggtaagaaaac 
aaatgcgtattcagagattaacaaaagtaatgataatagtgtccatttaaaagataatactt^ 

aagggcaacgfccttttagttawacaacaaatgcatttcateatagteaacaaggaaatgatatcacagcgccaacatggcaagcta 
tacttatgatccttcgacaaatcagggacaatatta^ 

ttataaggataaattaatatttaataaaggatacgcggtaaaattagatacagaagttcctcaattaacttttgataatccaaatettagctt 
tacatctgataaatggcaaaacctatctgatgatgagtetgatgacgataatattgttggtactatcacaattccaaataataccttaagatt 
a 

tccgggaagattcgagacggtctagatggatggagaatgtttattaatggagacatggtcgatagtgatattaaactaggtgaatatgatg 

atatttttcaacaaaatagaagacaatggaaatatgaaaaacaagttgaaaatgatgactatgtgctcataaaactgagtgatcatgtta 

aaaacagccgaagttacctctttaaagtaaaaattgatcctactgtttcagagtatcatttcacaaataaaaatgacattattgatgatgac 

aaaacattgttaacattaaacaccttaaccgatagctcattgggatatgctaataaacttttaaatatgccaaaagatttggttaaatcaac 

agatgatctttttaaagccatgacgatgttatttaaaaaggaaagttttttcctttatccgcttaaaaatgatttaaatactaat^^ 

atgatgacaagtttggtgcagttccaagcaaaggatgttaaagagaatataccattagaatgggaaataaaaaccaaagcatccgactca 

aggcagcttctttatcaaaatcttaagaacgaaaaagaaaggttggatcaggtttccactaatccactagctcatcaattacctctggaaaat 

tctaatcaagaaaatggacaagacgctattttgacaagtacaaaagtettaccaatgtccaaatcatctatattcagagactcgttacgtga 

gacgagtctgccagaaactcgtgactcttcatcaatggcaaattggtcattagctttcttcttatctgcagtgatatgtttc 

gaaaaagactgaataagtta 
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MRYKKMTRSSNSRIVI^STUMIFA^^ 
IPEEKVTEEATNDQPEIXEKQAAFliHEGREKNTEN 

DNHDFHKETEVSEGSTSKIPFVVT>F15GDTSVRDDEEEHGMHIAGILVGDSKKGFK^ 

QIMYRTWSKNNSEGYQEANQFFAMKDAIKRGAD^ 

VVWAAMGOTGTSATSNTFDQVVT)ETFPQTDSST1^ 

LEVPYENIbWQNYYlJFlCQEKQERISFNEMUT^ 

MKJKGAKGVILINQSGPTTYGhTYTST^ 

QDKKKSYSLWNTKPQUCHVFK^^ 

SGTSMSAPKVAGASAMFLPVTKKWQKKWEKQNVSMSIPQLTKLLFQNTADILTO 

ILPYSPRRQGAGALNVKKAAQTNWVTC^ 

PGSV1X5KILYSKDRKNYDKNETIQTVHSRVIKDSAIESPLW 

EFVEGFIKLRSLE KD QPDLNI PFMGFYGD WNSENILDPVAWQEGSKTRLTGIVHPYGLGEDKF 

DIWWGVDYEKWKQI)PKAIJ)AI)QRFYVMQS^ 

KDKVLKTIJCTOHQAPKYMES^^ 

NTmRVSSRISKNRPYQEHIIPFAIDNQKPKVTaEEKT^ 

I^DTQGRFRLmjU)FQGKGFELEAIDFAENK^^ 

SVAHKNAEDILHENSEESEEIASALTFEDGSD^ 

DYYIHLKEGQRIXVTTTNAFHNSKQGOTITAPT^ 

^m^AFYKDKUFNKGYAVKU>TEVPQ 

TUtUSGKIRDGIJOGWRMFINGDMVDSm 

HVKNSRSYLFKVKIDPTVSEYHFT^^KN^ 

TDDl^KAMTMLFKKESFFLYPUCNDI^TNGK 

RQLLYQNUCNEKERLDQVSTNPIAHQLPLENSNQENGQDAILTSTKVLPMSKSSIFRDSLRET 
SIJPETRDSSSMANWSLAFFLSAVICFFKGRRKRLNKL 



SEQ ID 23 

gtgtcaaaaggtcaatctgatttaagccatgcggaacaag^tgttgatgatcaaattacaattgctaaaaaagatagtatctcagtaacaa 
ctgattcaaaagatttaacgccaaaatacattgatacaaaagggttgactggttcagctttaacaacagcaatggaaaaaaacattgcact 
gtataatcaagcggttaatgatggcgtaggtattatggatgcttcaagcgtccaaatgaaaaaacaaattgctgattatttaacagctttga 
caaattatcaaaagggtgtttcttcaaatacaggattacaatggcaaaatagtgttgtcttagaagcgggctcaggtgcaagtagacaaac 
aggcactgaaaatgttgttgattttagtgatggaacgattaaagcagcaggtatgtatgcgacacaaggtcaaaatttagaccaaaatact 
gatgcaaattttgataatatttttaagattgagggaaccgggattatttgggtaaagaatacgaccaatggagatgttaaattgactttctct 
gaaattaatag^atacaatacaggtacttacgttgctatttggggtgatgacaaaggtggtattgcttggtcagtctttgccttatactatg 
gtggtgsgagtggtggagctggtgaaacaggltcteatacaggttct^ 

cagtagaaacaacaagaggtgtttcagttgtaacttttaatgacattgataatcaacagacagttaaaatgtcgggacttgataatgccaa 

agtoacaacaggtgagaatattaatcagacaggaaatgattttgttgcaggttcgggtgacgtttctcaaagttcagcaggagttttaggaa 

ccaatggtgttaaatggacttttacaagtgctgataggcgtttettctcatttactcattetacagcaggaactaaaaacacatcaatcgtag 

tggtatttttggatcagcgtctaacgtacctcaaaagccagtaattcctaaactaaccgctotaaagcaatcgttacaggaccaaagggtcc 

aagcatccctgttaatcaaaaagtgacggttcattactataaggtttcggttacacctacaccagaaaatccagttactccacaaaaaaaca 

tt 

acttataaaccaattacaaccactccacaaacaccagtaagccaagcaaatgt^^ 

ttgttcaaatggtaattggtgcattaatggtatcatttgttgggttttcagcattaaaagatcggaaaaaagaaaaa 
MSKGQSDI^HAEQGVDDQITIAKKDSISVTTO 

QAVNDGVGIMDASSVQMKKQIADYLTALTNYQKGVSSNTGLQWQNSVVLEAGSGASRQTGT 
ENVVDFSDGTIKAAGMYATQGQhOJ3QN^ 

PYNTGTWAIWGDDKGGIAWSWALYYGGASGGAGETGSNTGSGISGR^^ 

RGVS WTFNDIDNQQTVKMSG LDNAKVTTGENINQTGNDFVAGSG DVSQSSAGVLGTNGVK 

WTFTSADRRLFSFTHSTAGTKNTSITO^ 

KVTVHYYKVSVTPTPENPVTPQKmTYKPITTTPQTPVSQAN^ 

MVSFVGFSALKDRKKEK 
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SEQ ID 24 

atgtoaaaaaacaattattagtcctaacttgtgtttcaartrt^^ 

caactaccrcatcaacagaagtgattacaccatcaaccccaatagatactggttta^ 

cgagactcctacteatcctactaatcctagtactccgatagatccagga 

ctggaacatcUctagtccctcagattcagagtcaactaacacaaatccaggcacaaaaccaacagatgaagteaaaccagttaccccatct 
actcctgaagtgccttcaactgttactccaggagtagttgataatgttg^ 

ccagataaaacagttgttgggactcagaatgggaatgtgcttattcaagatcgctcaggaaggtatttagtatctgctagtgaacttggtg^ 
cgacttaatgatgatggaactgtaacaatcaaagattcggaaggaaaagaaaaaacacttcctcatacaggtgaagaaaaaggattttta 
agtatcattggtggaacaatcttatcttttgtagccttcttattcaagaaaaaaataactttaaat 

MLKKQIJLVLTCVSTLGLVGTTAFAEDVVPVDPTTPSTEVITPSm 
PTNPTNPSTPIDPGTPTDTTTPTDDTTT^ 
TVTPGVVDNVDKETGMTIKPIP1SPDKTWGTQNGNVU 
TICTSEGKEKTl^HTGEEKGFI^nGGTaSFVAFIJPKKKITLN 
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SEQID 25 

atgaattcaaacacaaaaggacatggttttttcagaaaatcaaaagcatacggttt^ 

ogtggagggaatgtatcggcagatgaagttactgctccagcagaacgtcaaactgttgtaacaaccttaacagagccaacaaataaccaa 

gracaagcagttacgtragaagcacttaatacagcagtttcaacagcte^ 

catacagatgttccaagt£cacaatctgatttagctagt*aaa<»ca^ 

ctattaaagatgcgactgcgcaaaatgcteaaattgatgcteaaaatcaggcagaagctacacgtgttgctgaaataaatoaagcaagtca 
acttgcggtfcgatcaaaaaaatgcccaaggtcaagcactcgttgataa 

acaacttaaagcagattatgaagctaaattagctgaaattaaaactgttgaagactacaacaaagcagtagctgaacgcaatgctttagct 

aaacaacaagcagatgcgacaaatgcacaacttaaagcggattatcaaactaaacttgatgcatataacaaagcgttagctgataaaatc 

aatctaatagctaatgatgttacttttaaaggttatggtaaate^ 

gatggtgcaggaaactttatattaaaagaaccaatgtetgatcc^ 

tagtgtttatgatccaaaicttaataaagcgaatattacgatt^ 

caggaaatactaatgcatttgcagaatacattgggttagacggaacttcgttatttaagcaagctUtacaggtcte 
ttartat^teaaactagtcaaattggaaagacattcactgtggcaagcggggaaacaacaccagaatttatgttcttgaaaacaaatcc 

gttcigggag 

tMtcgcaccatotctttetttgcggaattaacctateatara 

gaagcacttaaaccagttecacaaacacccccaactcragtt^^ 

aaccaaetgttaaaccccai^gctgtacctgataaattagtt^ 

gacgttgtagatcaagcaggtaaatraattaatggtttateagtg^ 

etaagggaatgagtgatcacaagataaaatcgccaaaaactttaUAtta^^ 

ggttgttaatagcatteaagctaaaaatggtgatgatgtgtra^ 

acttcaagctetcttggctgaaagtggattatctc^ 

gtgcaaaaaggtttagatattacttecaacctcixmttcaaagte^ 

gattt^gcaatggctatcttggaaatcttgtagttaatgatto 

tattaacaacggtactgtaaaacttggtgatgaagtcacttocaagctagaaggttgggtcgttccaactggacgttcate 

gtacaaatttgtagateagttacaaaatacacatgatctttatttgaaagatagtgttgttgccaaagttgate 

agtcatta^aaggttctgatttagcacaatatac^ 

ttcttggcteaagtl^acgtU±agtgaatttggag(»gatgccttcttagttgttaagcgtettaaagcaggtgatgte 
tataacacaactgatctatat^taatggtaacaaagtgaagtctgaaac^ 

aactaaagaagtgccaaaaacacctgaaaaagtacttxx^cacacaggagaagaagggctttcaattttgaccgttattggtgcaagtatt 
ctttcagtacttggtctttcagtacttaaaaaacctaaagaaaat 

MNSNTCGHGFTRKSKAYGLVCGIAI^GAFAFSGGm^^ 
QAVTSEALOTAVSTAKEAGVTVNTTGAVS 

ATAQNAQIDAQNQAEATRVAEI^^KASQIAVDQKNAQGQALVDKQNAI)AQAQADATNAQLKA 
DYEAKLAEIKTVEDYNKAVAERNAI^QQADAT^^ 
VTFKGYGKSEDIJtfAYGIVTSDTITIDGAG^IL 
KAhnmDSITmTWQLDUsrRPSISGOTNAFAEYIGLDGTSl^ 

TFTVASGETTPE FM FLKTN PFWEFFAPSS LF AELTYNTAPLPNKP I E PTLVTVTPE ALKP VPQT 

PPTPVYWPNLKSFTPEVYTPIKPTVKPHVAVPDKLVVTVSVHPVVW 

NGl^VIJ>NSDUNrYVAl^DFSQYKGMSASQDKIAKNFIFIDDYK^ 

DDVSHIXEMHHVIJSKDGLDVKlJQAIl^ 

LSFKVHQTFTESErVNGVAQIDFGNGYUSNLVV^ 

VTYKI^GWVVPTGRSYDIJ^ 

ETVYNKETGRYELAFKKDFLAKWRSSEFGADA 

VVTHTPEAPKPVTPTKEVPKTPEKVL^^ 
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SEQID26 

atgggagaaacaactctaggtctcgccaattcagctgatcagacgattgccttaaaatatgaagccaataatctgaacttggtttcaacag^ 

gcttcatgaoatgacgcatattatcgactttaagagtggcctctatt^ 

ggccttttcagatacccaagagttcttagatgtctaccataccte^ 

gcttttgctgaagggctcagtcagtatatcatgcaccgtctctt^ 

caatccaggtgatggttcaggttatagcccatttgcggaaacagaattttat^^ 

gctcaagttgttccatatettgtcactactacgacaacagctccag^^ 

acaacaccttacacaacagtttatgtgggagataccagtttcgcctatgaccctactggacagactgaccgtgtacaagcaggtgtcgatgg 
gacagaaarcattx^cacgacetactcactegatagcaataacca^ 
aattattacaaaaggcactcaacctaccgttgttgacactagtgt^ 
tggcaagttaacgttttggatgcaggtcaagatggcttaatccgtagcacaacaa^^ 

agtacaacagaagctactatcacagcaat^agaccaatgattgttcaataccaagttggttccgaaaaagl^acagctattccttaccaaac 

ccgttatgttatagatactagtttagcaactggaaracaagttattgtacaagaa^ 

taactttatccaagatggctcaaatagtcgatttgacgctat^^ 

gtgatagcagtaggaggtcaagaccaagtaactgaccaagctgtcgcaaaaacgatt^ 

actggcaggttaaagtcttagatgcaggfraagatggtttggttcgtacaacg^ 

ccaagtacaacagaagcaactatcaccgcgat£aaaccaatgattgttcaatat^ 

acagagtatataactgatgatagcttagctgttggcttagaaaaagtcattcaagaaggcgtcggagggactcaaatcgagacagttcaat 

ccttteattttattcaagatggtgcaaattctcattttgaaaacatt^^ 

cgcgtggaacgaaagtagttgaagttgtagttgcagteccaga^ 

aaggccaaacagctcctactattacagttgaagctettaaagccccggctcagaaaaaggctaaagttgaagttgttacaactTO 

aagtttgccaacaactggtgatgateaaaatctactc^ 

agaagacgaa 

MGETTU^LANSADQTIALKYEANNLNLVSTV^HEMTHIIDFKSGLYSETTO 

FSDTQEFLDVYHTYFDRPDWSYYRDNSEEAFAEG^ 

PGDGSGYSPFAETEFYFASLYNRLFEYPRTAQVVPYLVTTTT^ 

YTTVWGDTSFAYDPTGQTDRVQAGVT>GTE 

TQPTVVDTSVPMTIWQEVTDGSLGDWQVNVI^ 

TAMRPMIVQYQVGSEKVTAOTQTRYVTO^ 

RFDAIWASPVWAAQDQVIAVCKSQDQVTDQ^^ 

VRTTTSYSVDPVTGIVTPSTTEATITAMKPMIVQYQVG^ 

QEGVGGTQIEWQSFNFIQDGANSHFENIWSSPTIWAATO 

KPETSEVISPEKGQTAPTITVEAIKAPAQKKAKVEVVTTPKESLPTTC 

SLGLGLKKKEDE 
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SEQ ID 27 

atggtgaaaaataacatt^ctcgagaaaaaaacatatattaaaaatctcattattagcaacaagtgtattaacgacaac 

agtttcaacagtctcagcagagcaattgcaaaatgaaaagcagtcggatttgcttagtaagatgacagaaacatctacgc 

ctcatactatcataagttcagaagacctctcaaactcaaatcaagaggccaatcaaaaggatgagactgcctcaaaaagc 

ttacaacctafcgattgaaaaagtcgatccatcteatatccaggctctttgggaaaaagttggcacaggggaaggagatgt 

cttagctgtcatagattcaggaattgaaaccaaacattccatgctacagcttccagaggatgctgacaaaatgtacacag 

atcaagccagcattgacagtaagaaacaattatteggtattgaacgaggacagtggataaatgataagctcccattttac 

catgattacacacaaggggaagagtctattgacagaaatacctaccatggaacccacgtcgcagggattgcaactgcttc 

aggcctaacacagaaagaaaataaggagcaaatgcaaggcattgttcccaatgctcaattattatttttaaaagtagggc 

aac^aagtgtagaaggtgaaagagaaaagcattatgccatggctattaaagatgctattgcfcttaggagcaacagctatt 

aatatgagttttggacaagttggaaaagctagccatgaacttaatgatgatttcaaaaaagccttagcattagcagcaga 

taaaggcgtcgctattgttgttgctgcaggaaatgattatgccatgggcggcagccagacgaaacctcttgcgaaaaatc 

ctgatacaggtgtcattggaactccagcaactacggaggaggtttttacagtagcagcatatgttgcaccgcactattgg 

agcagagtactatcggttactgacggtagcacatcaaaagccttggcgcttgaaatggctagtccatttgcagaaaataa 

ggactatgagctcatfcttcttagaaaagggattagaaacggaagagaatgcagaaagactgaaaaataaggttttagtct 

tgaattatgactttgttaccaattccaaagaagttgctgaaaaagttgaggctttgggagcagctggtgtacttgtccac 

aataatcaagctaaaaaaccgctcattcctttagcttataatggtccttto^ 

agattggttaaaaacgatgacaagtccacagtttagattaaaaaaagagaagcaattagttgaggtgcctggtggcagac 

aaatgacaaactttteaagctggggcttatcagttgatggcaatatgaaacctgattttgctgcacctggctatgaaatt 

tattcacctactceaggaaacgactacteaaagatgtcaggaart^ 

tttagtccgtaaacacattcagaaagaataccctcacttaagtgctaaggaacagttacagttagttaagaacttattaa 

tgtetectgccagtccaatttattcagagttagatcacagttactattctcctagggttcaaggagcagggg 

gccaaaaaggcccttgaaacagatgtttatg^acagctgcggatggtctttcaaaaatteaattaggtgatgtcaataa 

tcagttcgaattaagagtaaccttacataattteagcaatcaggaaaaaaactttacttactttgcaagggtgcttactg 

acaaagttgaaaaggggcgtattctcttgcgtccacaagagctatatcaaacgagacccctccaagtaaaactagctccg 

aatsaaaagcaagaagtggttatcaaggttgatatttctaart^ 

ttttctagatggfctttgtagtatttcagtetaaggaaggtgctcaaaaagacttatctattccctttat^ 
gaaaatttgcagatttagaggctcttgatagtccaatttatcgaaatttagatggtacgtmactacagccccaaagaa 
ggccaagacccttatgactttgaagtggatagtatxx^acaaattaaagaacaatatatgactggtcttataacaacatt 
tacgccttggtractggttgaaggaagtaaaatagate^ 

acctcggttwtataataaagaaggagataatacagttcgtcgattccgatttgtx:gaaggcaaaccttatctagcactt 

tcaccteatggcgatgataatatggataaagtgggatttagaggtgttttcttaagaaatgtcagagacatcaaagcaca 

ggtatttgcaagtgatgatttgcaacatccgatttgggagagtcctataaaagcttttgctaaaaaagatgtgaatacaa 

atgatatcaaagaaagcatgcttgaaaataccgtttgggaaggtaaagatgcttctggaaatccggttacagagggatta 

tatcgatatcgtgtaacttatacgccacttgctgaaggggccaaagaacagtttattgattttgatattctagttgattt 

aaccccgtcaaaactgccacaaagtgcaatcttgatgctagccgaaagacggattgagctaacagaatcaagagactatt 

tatctcatgatacttatcgtgatcgactttactataaatatggaacagatgatattaatttcaccacttttgaaaaagat 

gatatgggacattttgtgatcccaaaccaagttgaagatgaact^ 

tgatcatttcttctttgtcagagaagatttctcaggtaatmagtgttattagcctgtcac^attattgaacaatcatt 

cagatcaaatgcattcacttgaagagagtaagagtgatagaaaagaatctaatacaggtgatattagacacgaaaagcaa 

gaaaatcttagtcaacaaactctactatcgacaccatcaattgatggccaaaaacaaaafcgaccaattaatggttgaaaa 

agagaaagacattatggatgaaagtaagtctgaaagaagtgagaaaaataagtttccaaaagttcccgcttcaatcacgc 

ttaaggatggaactctttatccgcagtcaataagccaaaaaacaagtcttcctaaaacagttgattcacaaaagacaatg 

acatttttagggattgccatgttatttggtggcatattacaagtcctatggtcatactttaaaaagagagat 
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MVKNNIHSRKKHILKISLLATSVLTTTVSW 

SNQEANQKDETASKSI^PMraKYDPSHIQALV^KVGTGEGDVU\VIDSG 

ADKMYTDQASIDSKKQUjGIERGQWINDKJJ?FYH^^ 

QKE^fl<EQMQGIVPNAQLU ? LKVGQPSVEGEREKHY^ 

EI^DDFKKALAIAADKGVAIWAAGNDYAMGGSQTKPLAKNPDTGVIGTP 

VAPHYWSRVLSVTDGSTSKAIAI^MASPFAENKDYEIJF^ 

DFVTNSKEVAEKVEAIXjAAGVLVHNNQAKK^ 

RUCKEKQLVEVPGGRQMTNFSSWGI^VDGNMKPDFAAPGYEIYSPTPG^^ 

HAMGOHLVRKHIQKEYPHIJSAra^ 

AI^TDVmVW^Gl£KIQIX}D\^ 

ELYQTRPLQVKIJ^PNQKQEVVIKVDI^ 

LAFKGKFADLEAIJ3SPIYRNU)GTFYY 

EGSKIDGFSPEMASEFSTTDYlXiSYNKEGDNTVTfcRFRFV^ 

VFUlNVRDIKAQVFASDDLQHPIWESPIKAFAKKDVhmra 

EGLYRYRVTYTPIAE€^KEQFmFDaVDLTPSKLPQSAILMI^ 

RLYYKYGTDDIKFTTFEKDDMGHFVIPNQV^ 

LSQIXtWHSDQMHSLEESKSDRKESNTGDIRHEKQENI5 

EKDII^ESKSERSEKNKFPKVPASITIJa)GTLyPQSIS(^ 

fLQVLWSYFKKRB 

SEQ ID 28 

atgcgatttttgaaaggtaaaaaagtttttetagc^^ 
aataagagtgtetctgctgaaaccctagcttcagggcaaacara^^ 



gctttccgtgcctetccaagtattt^^ 

ttatcttaccaagatgcaacagctgctttaacgggatt^ 

gcttgacagcatatgatgttgttaatcctgcagttg^^ 



MRFLKGKKVI^VIGIAVMM^^ 

DLYASVMIAQAVI^SSSGQSGLSQAPYWFGIKGSYNGGSVTOKTWE 
AYPSIYDSLYDYAhrtXSSPTYVGARRSNTI^^ 

YDVVNPAVATSTTOVPSDSVATVDTSQYVWNKHRGSYTDTSTLAQDDAWSLFIKGY 
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SEQ ID 29 

atgaaaaagatatttcaaagaaaatggttcaaacgaacatccattgtt^ 
ttcaaagtcagrcgtgattgatcgttatgttgttgcte^ 
gataccgatgaaatcattecaaatgatcaagcagcttttgct^ 
aaaagtgcaacagcctetgatccagtatacattaagt^ 



caaaaaccagtactagatttatctgttacattteagaattttecagto 
gtcggtacteteaaaaatggtragtatcaagtcacagacta^ 



ctggagaatatcttttagrtgcttttaatcaactgatggcatatacaagtegccgacaagattcaacgacagttgc 



aatgttgccctaaatgccatgacgcaagtcggcaaggagtcttacctcttagattttgcggctacate^ 

gaccctgaaaaaggcagUcaggteacatcattcaagagto^ 

aagctggtacaaaaaatati^tgaccagtgaaaaaa 



aattctcatca 



MKKIFQRKWFKRTSIVLGILLVAIIAI^ 

TDEIITNDQAAFASFTPU>KSEISSUOCEIJK^ 

KTNVPNMDLLi^QKKVATSNSENFTO 

DLSVTFKNFWSSNLTEGELYFDEDRVGT1/KNGQYQVTDYPITNGSKA 

KADLEQVAEGSEIJaTVDNIXDRTKAGE^ 

YKGIJKESVKAKLETDSRKASSFAIPNVALNAMTQVGIffi 

GNIIQELSGQLTUCKSGDRYVISQAGT^ 

ISEDGTVTRHIDFKDPKKADESRTAKITKTEEKNPGDFQVn^ 

G1JKLDGNQLTPIIWQTGMDKDFDFSKPAPGLPLTKQ 

SEQ ID 33 

atgaatacatraaaaaaaattgttacgggatttgtaacgrt^ 

gtagttaccatgaaaggtgataccattacagtaactgatttttataatgaagctaaaacgtcaacagcggcacaacaatcca 
gattttatcacgt^ctttgaaaaagaatatggtaaaagtgt^ 

ggttcttctttctccgatgctttagcacaggcaggactgacaacggacacctataaaaaacaaattcgcactacaatgtta 
gteaaacaagctgcraaaaaagaactaacagatgataattataaaaaagrt^^^ 

gcttttgatgatgaagaaaaagccaaaaaagttttagaagaaacaaaagctgaaggtgctgactttgctaacatcgcaaaagaaaacac 
gactgaagccaataaaaaaattgattacacctttgattcag^ 



caacaatgctttaacaagttcagtaggtaaa 
MNTCKKIWGFVTL/^VLTLAAC 

SRVFEKEY G KS VPEKKVE ESYNKTAKQYGSSFS DALAQ AGLTTDTYKKQI RTTML VE YAVKQ 

AAIOCELTDDOTKKAFESTYTPEMTTQVIAFDDEEKAKKV^ 

KIDYTFDSADIVLPSDVTKETAKLNEGEKSAVITVMDSRTYQKK^^ 

YKSRLKEUMNEKENDSNFQNKNTCS 

K 
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SEQID34 

atgaaatcatggcaaaaaattategttegcggagcaagtttaaca^ 

aacagaatcagcatcatcagattcaaaaacaattaoattgtgggttccaactggggctaaaaaatcttatgcagatactgttgctaaatttg 
agaaagattctggttateaagtaaaagttattgaatcagaagatccaaaagctoiagaaaaaatcaaaaaagatgctactactgctgctg 
acgtattttcacttcctcacgaccaacttggteaattagtagaatctggaactattcaagaagtaccagaacaatacactaaagatattgct^ 
caactgcgactgatcaagcaattgtaggtgctcaatataaaggcaaaacttatgctt^ 

taaagaaaaattaagcgctgaagatatcgcatcttatgatgcaattacaagcaaagcaacatttggtggtaccttcaaacaagctaatgctt 
GCgtaactggtcctttattcatgtctgttggtaacacattgtttggtgaaaacggtgoagatactaaaggaactaactggggtQacgaaaaa 
ggtgctgcagtacttaaatggattgctgatcaaaagaacaacaaaggatttgtta^ 

cggttctgtagcctcatttgaatcaggtccttgggattacgaagctgcacaaaaagctatcggtaaagacaaacttggtgttgctgtttatcca 

aaagtgactatcggtggtgaagaagttcaacaaaaagcattccttggtgttaaattatac^ctgttaaccaagcacctgctaaaggtgatac 

taaacgtattgcagcaagctataaacttgcttcttactteacgagtgctgaaagccaagaaaatcaatttaaaacacgtcatategtacctgc 

taacaaagagattcaatcatcagaagaagttcagtcaaatgaacttgctaaaacagttattacaatgggatcttcaaaagattacacagtt 

etaatgcctaaattaagccaaatggcaacattctggactgaaagtgcagctattttaagtgatactttcaatggtaaaattcaagaa 

gctgattacctaactaaattacaacaatttgataaagatatcgcttctacaaaa 

MKSWQKirVSGASLTJLASTLLVGCASDSKGKTESASSDSKTIKLVVW 
DSGYKVKVIESEDPKAQEKIKKDATTAAD^ 

DQAIVGAQYKGKTYAFPFGIESQVLFYNKEKLSAEDIASYDAITSKATTOG 

FMSVGOTU?GENGEDTKGTNWGNEKGAAVUCWIADQKNNKGFVS1^ 

SFESGPWDYEAAQKAIGKDKIAWAVYPKOTIGGEBVQQKAFl^^ 

ASYKLASYLTSAESQENQFKTRHIVPANKEIQSSEEVQSNELAKTVITMG 

QMATFWTESAAILSDTFNGKIQEADYLTKI^QFDKDIASTIC 



SEQID37 

atgaacaagaaatttattggtcttggtttagcttcagtagctatattaagtttagctgcatgtggcaaccgtggtgcttcaaaatctgatagca 

aagatgctaaaacagatttaaaagctgctattgttactgatacaggtgBtgtt^atgataaatcatttaaccaatct 

aagcttggggtaaagaaaatgggcttaaaaaaggtgctggttt<^acta^^ 

acfcgctgtctcaagtggttataacgtagtatatggaateggatttgc^ 

aactetattatcgttgacgatgtcatcgaaggaaaagataal^tgcaagt^ 

gctgcagctaaaactaraaaaacteaagtagtaggtttt^aggtg^^ 

gggagtgaaatcagttgatgattctatccaaatcaaagttgactacgctggatca^^ 

ctraatatgcaggtggtgctgacgttatttatcaagccgct^ 

aaagatgaagctgataaagtttgggtaatcggtgtagaccgtgaccaaaaagaggaaggtaaatacacttcaaaagacggtaaagaatc 
taactttgttctagcatcttcaattoaacaagttggtaaatctgtacaactgattaacaaacttgttactgate 
aacaactgtttatggattaaaagatggtggtgttgatattgcaacaacaaacctttctgatgatgctataaaagctgtteaa 
aaaaaattatttctggcgatgtaaaagttcctgaaaaataa 

MNKKFIGLGLASVAILSlJ\ACGNRGASKSDSKDAKTDLKAAIV^ 

EAWGKENGLKKGAGFDYFQSNSESEYATNLJDT^ 

NYinTODVIEGKDNVASVTFADNEAAYLAGIAAAKTT^ 

VKSVO>DSIQIKVDYAGSFGDAAKGKTIAAAQYAGGADVIYQAAGGTGAGVFNEAKAW 

EADKV\VVIGVT)RDQKEEGKYTSKDGK£SNFVIASSIKQVGKS 

YGLKDGGVDIATTNLSDDAIKAVKEAKEKIISGDVKVPEK. 
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SEQID 41 

atgaaaaaattacttgtcaeattagtgttgatmcagcacattatcattgatt^^ 

acaaaactatcacaaatgccaaagatctctggttttacc^ 

ctacaccggttatttggcaaagct^atetcccactagttgga 

tgctaaagttgtctctgcaaccgacctagaaagcattacggccttggaarc^ 

attagctgaaatcgctecccttatttccattgaataccgcaaacatg^ 

aagaaaccgacaaatggttacaggaatggaaaacaaaaacagcttcttttgaaagtgacgttaaagcagttacaggtaataatgctacct 

ttaccataatgggattatatgagaaagatatctatattttcggtaaagat^ 

aagctcragaaaaagtaaaaatggaggttttcccaaaaggctatttgtrc^ 

ttgtcgctgcagaggatgaaaaaacaggttcttetetttatgaaag^gacctttggaaaaatataccagocgttcaaaaaaatcatgtcata 

aatgttaatgcgaataccttttattUMctgaaxtetgteato 

acaac 

MKKIXVTLVLIFSTLSIMCSSQSTKQEDHKTK^ 

GYLAKLDIPLVGITSYDHKNPVLKKYIK^ 

LJSIEYRKHDYIAJWSDFGKVFNKTKETDKWIAJE 

EKDIYLFGKDWGRGGEIMQAFQYQAPEKVKM 

TGSSLYESDLWKNIPAVQKNHVl^n/NANTFYFTDPI^IJEYELOT 



SEQID 48 

atgaacaagaaatttattggtcttggtttagcttcagtagctatattaagtttagctgcatgtggcaaccgtggtgcttcaaaatctgatagca 

aagatgctaaaacagatttaaaagctgctattgttactgataraggtfc^ 

aagcttggggtaaagaaaatgggcttaaaaaaggtgctggtttcgactactU^ 

actgctgtetcaagt^gttotaacgtagtatotggaatcggatttgcccttaaagatgcaattgataaagctgctggtgac^ 

aactatgttatcg^tgacgafetcatcgaaggaaaagacaatgttgcaagtgtaacttttgcggataacgaa^ 

gctgcagcteaaactacaaaaactoaagtagtaggttttgtaggtggtatggaaggtactgttatcactcgttttgaaaaaggttttgagg^ 

gggag*gaaatcagttgatgattctatcx:aaatcaaagttgactacg^ 
ctcaatatgcaggtggtgctgacgttatttatcaagccgctggtggtacfc^^ 

aaagatgaagctgataaagtttgggteatcggtgtagaccgtgaccaaaaagaggaaggtaaatecacttcaaaaga 
taactttgttefcagcatctteaattaaacaagttggtaaatctgtawactgattaacaaacttgttactgataaaaa 
aacaactgtttetggatteaaagatggtggtgttgatattgraacaara^ 
aaaaaattatttctggcgatgtaaaagttcctgaaaaataa 

MNKKFIGIXJIj^SVAIIJSIJVACG^G^ 

QAWGKENGUOCGAGFDYFQSKSESEYATNU>TAVSSGY>fVVYGIGFAU^ 
hTmVDDVIEGKDlWASVTFADNrc^YlAG 

VKSVDDSIQIKVDYAGSFGDAAKGKTIAAAQYAGGADNWQAAGGTO^ 

EADKVWVIGVDRDQKEEGKYTSKDGKE^ 

YGLKDGGVDIATTNI^SDDAIKAVKEAKEKIISGDVKVPEK 
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SEQ ID 49 

atgaateaaaaattaacatcccttgccttattatcagctgctattatrc 

agatttaaaagtagccatgattactgaccaagggggtgttgatgataaatcctttaaccaatcagcttgggaaggtctacaagcttggggca 
aatcaaaaaatttgaaaaaaggaagtgattttaattatttccaat(»accaatgaatcagaatatgtgacaaaccttgatactg<»aagte 
aaatggttttaatgtcatctttggtattggctttaacctgactgatt^ 

gtxrgat^atgtcattgaaggaaaagacaatgttgcaagtatcacttttgccgacaacgaagcagcttacttagctggtgttgcggctgcte 

aaccagcaaaagcaaacaagttggttttgtaggtggtatggaaggaaccgttgttaaacgttttgaaaaaggctttgaagcaggtgttaaa 

tcagttgatccttctatcaaagtatcaatcgcttacgcagggtcatttgcggatgctgctaaaggaaaatcaattgcagcaacacaatatgca 

agtggtgctgatgteatctatcaagcagcaggtggaacgggtgctggtgtcttcaacgaagccaaagctattaatgaaaaacgtgc^ 

agataaagtttgggtccttggtgtagaccgtgaccaaaaagctgaaggtgaatacactgataaagatggtcaaaaaggaaactttgtcctt 

gcttcaagtatcaaagaagttggtaaaaccatgcaaaaa^cattggtatgactgaaaaaggtgacttccctggtggtaaagtcaatacctt 

tggtttaaaagaatcaggtgttaacctcaccacaaaagatcttecagaagatgttaaaaaagcagttgaaacagcacgccaagacattatc 

tcaggtaaaatcaaagtcccagaaaaa 

MNKKLTSLAIl^AAIIPLAACSHKGQKSASI^DLKVAMITO 
KSKNLKKGSDFNYFQSTNESEYVT>^ 

DDVIEGKDKVASITFADNEAAY1^GVAAAKTSKSKQVGFVGGMEGT\^ 
DPSIKVSIAYAGSFADAAKGKSIAATQYASGADVTYQAAGGTGAGVFNEAKAIN^ 
WVIXrVI)RDQKAEGEYTDKI)G^KGNFVLASSIKE 
ESGVmTTKDLPEDVKKAVETARQDnSGKIKVPEK 



SEQ ID 50 

atgacagtagcacaaaaatctacatttaagcgcttcggcctaggagctgtaacacttgcttcagcagccctattgatggcttgtggtaacaag 

acagcagcaaaaaatgataacaaaaatgagattaactggtacacaccaacagaactcatcactttagacatttcaaaaaatactgacactt 

attctggtcttgcaatcggtaactcagaaagtaacttecttcgtgttgacggaaaagggaaattgcaaccagacttagctaaaaaagtaga 

agtttcagaagatggtttaacttatectgcaaccttgagagatggtttgaaatggtctgacggaagtgaattaacagcagaggactttgttt 

acacttggaaacgtattgtagacccagcaactgcttcagaatatgcttacttagcaactgaatcacatttattaaatgctgaagatattaata 

caggtaaaaacactgatttaaattctcttggtgttaaagccgaaggcaacaa 

gcttattgtcatttgctaacttcatgcctcaaaaagaagaatttgttactaaaacaggaaaagactatggtacttcttctgaaaaacaaattt 
attetggtccatacattgteaaagattggaatggtacaagtggttc^ 

aaaatgaaaactattaacgttcaaacagttaaaaaaccagatacagccgttcaaatgtataaacaaggaaaacttgattatgcaaacatt 

tcaggaacatctgctatatecaatgcaaacaaaaacaacaaagacgttgttcccgtatt^ 

aacaggttctgtaccagcattgagcaaa*teagattcgtcaagcattgaatttagc^^ 

atactggttctaaaccagcaacagcaattgctcctactggacttgcaaaacttaaagatggatctgatttaactaaafcttgtagctcctggtta 
taaatatgatgaaaaagaagcaggaaaacttttcaaagaaggacttgctgaactcggaaaagattctcttaaaattacaattaccgctgat 
gcg 

gatgcaccagcagctaaatcttcagttgactacattaaagaaacttgggaaaaagctttaccaggattaacagttgaagaaaaatttgttcc 
atttaaacaacgtttagaagatacaaaaaatcaaaactttgaagttgctgtagcactttggggtggtgactatccagaaggatcaactttct 
atggtttgtttaaatcaggttctgcatetaactacggtaaattcaccaatgcaaaatttgatgctgcttatgaaaaagctttaacaaccgatg 
cattagatacagacgccgcagctaatgattataaagaagcagaaaaagctctttatgatgaagcaaactataacccactttacttccgtagc 
ggagaaggattocaaaatecaagtattaaagggttaattcgtaattcaacaggtctteatgttgactttacctatgcttataaaa 

MTVAQKSTFKKFGLGAVTIJVSAAIJLJ^ 

SGlAIGNSES^LRVDGKGlOvQPDIAKKVEVSEDGLTYTATl^DGIJ^ 

VYKRIVTJPATASEYAYI^TESHLLNAEDINTC 

SFANFMPQKEEFVTKTGKDYGTSSEKQrYSGPYIVKDW 

KTim^QTVKKPDTAVQltmCQGKLDYANISGTSAIYNANICN^ 

VPALSNLK3RQALNLATDRKGIVSAAVDTGSKPATAIAPTC 

KEAGKI^KEG LAELGKDSLKITITADADAPAAKSSVDYIKE1WEKALPG LTVEEKFVPFKQRL 

EDTKNQNFEVAVALWGGDYPEGSTFYGIJPKSGSAYNYGK^ 

AAANDYKEAEKALYDEAhm^LYFRSGEGLQNPSIKGLrRNSTGIJsIVDFTYAYKK 
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SEQ ID 54 

atgaaaaaatggttmaatattaatgcttttgggaatattt^ 

actactacgctagatatattgatcccgatgaaaataaaataacatttgccataaatgttgatggttttgtcgaaggtagtaatcaagaaatc 
cttettagaggaattcatcatgttttaacagatcaaaaccaaaagattgttacaaaggccgagttgttagacgctattagacatcaaatg^ 
tcttctacaattggattattcctatgaactagtcgactttg^ 
attttgaggaatwgtatcacttgaagatactatteaagaateccttto 

ctcatcctactgagactgctaatattgagtataaagttcaattcgcgactaaagatggggaattccacccactacctatttttgtagactacgg 

agaaaaacatattggagaaaaattaacctctgacgagtttcgaaaaattgcagaagaaaagcttttgcaactctaccctgactatatgatt 

gateaaaaagaateta<tateattaaacacaattctettggtcaactta 

ataggcaacgtafo»tggctaaggacccaaaatccggaaaagaactcggtgaaact^ 

taccaaaaaaagttataaacct 

MKKWFLIIMIAXIIFGCATQPSKV^ 
RGIHHVLTDQNQKIVTKAEIJlI>AIRHQMVL 
EESVSLEDTIQEYIAKGHVIl^KRVEEP™ 
IGEKLTSDEFRK1AEEK1JLQLYPDYMIDQKEYTO 
AKDPKSGKELG ETQSIDNVFEKYLITKKSYKP 
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SEQ ID 63 

atggaattcgaaaacacaaaatxitaatcagattaaaacaacacttgctttaacgtcaacactc&cacttcttggaactggtgttg^atggg 

acataccgttaatgcggatgacatgacaactgctgatcaatcacctaaattacaaggtgaagaagcaacattggcgcctacaaacattgaa 

gatactaaagcagccattgatattaaaacagctacattagcagaacaaaccgatgctctteatactgtaaatgagacaatcacaagcacaa 

atgaagaattagctactttagaaggaggcttagctgataaagaaacagcagttgcagatgctgaaaaaacattggagtctgtttcaaatgc 

ctcagaagaagaatttaatcaattagcagaacaaaataaagctgacttagctaaaactcaagaggagctaaaacttgctgaagcaacaa 

aagaagaagttgcaacacaggtattgacacaatctgacgaggtaacagctgcagctaatgaagctaaaaaaatggctgaaaaagttgca 

ca a gcagagacaa aag tttca ga c 1 1 gacga a a a tggtcaa tc a accagaa gca a t aaca get ca a gttga a at aga acaa aa ca a tgt 

caaaatcattfx^aagatttagcaaaagcxaaaactgatttagttgctgtaacagataatac^aaaacacaattagcaaatgaUtagcg 

actgctraatctagcttaagtgccaaacaaaatgaattagcteaag 

ataaaatggttgctccaactaattacccaattaatgaaatcaaaaaattaatgtcaagtg^ 

ttctatgctttaaaagat^actggtttctaaagcagaagttggggcatacttaaatcattacgttgatatcgcaagtgacttaaaccgtatcg 
ttaacccagataacttatragttgaggttcaaaatgaattggctgtatttgcagcaacatt^ 

gcagl^aagtgacgcaaggtgctx»agagtttgctcgcactttgactcgaaactataaagtaacacatggaaacactgttcctttctttaat 
tacaatcaacct 

ggcaagaatggtcatataggcattggtccacacgatagaacaattatcgaacaagcagctacaagtgttggcttaaaagctaatgatgata 

atatgtatgaaaacatcggattctUgatgatgttcatactgttaatggtetcaaa 

agacttcacctatggaaatacatttggacatacggttaacttgttgcgttctgataaaaraaac^ 

acagaaactgttggtggtttaaatacccactetgttetctteccggcaagcaatattgtaaatgccagccaattcagcaaa 

ggtccattaacaacagttgataacagtgcteaaattagcactcttcaagcaagta^ 

cgtattgcaaatatttcttcagaagcactagttgtctctgcacagagaaaagtagatggtttagctgcaaaacttcaaaaagctgaatctaa 

cgttgaaaaagcaaaagctcaacttcaacagttacaagattcaaaagaagatttacataaacaacttgctttttccctttcaactcgtaag^ 

atttaaaaggtcaacttgacgaatcgcttgttcacctaaatcagtctaaaattcttttacatagcttagaagaaaaacaaagtcaagtggca 

agtcaaattaacgtcttgacattgaagaaggcacaacttgaaaaagaactagccttfcaactctcatccaaatcgtgaaaaagttgcaaaag 

aaaaagttgaagaggctcaaaaagcattaacagaaacc^tatctcaaattaaaactaaaaaagctatcttaaatgatttaacacaagaaa 

aagcaaaattgacgtcagcaatcacaacaactgaacaacaaattgttttgtt^^ 

aafcragcagtattgtccaaagatcagaaaacaatagagtaagarctgatgttte^^ 

agcgacaattcUgct^agcagaaacaatggctgaagaagtcattacaaattctgcaaaagccattgttgcaaatgctcaaaatgttgcac 
aagag 

attatgaaagtagcacctgaagteacacctgatcaaggagtt^tgcaaaagttgcagate^ 

aaatcatafcggtgcaagttcatcaacggtaggaaatg<tacttrt^^ 

gctggcagcagcaggacttactggttacaaacdcagaagagatggcaaaaaataa 

MEFENTKSNQIimiALTSTIAIXGTGVGMGHTVNADD 
TKAAIDIKTATLAE(^DAIJtfTVNETITC^ 

FNQIAEQNKADLAKTQEELKIAEATKEEVATQVLTQSDEVTAAANEA 

SDLTKMVNQPEAITAQVEIEQNNVKII^ 

QNEI^KVQSQTSh^VNVMGAhntMV^ 

KAEVGAYLhmVDIASDLNRIVNPDNLSVEVQNELAWAATU 

FARTLTRhTHCVTHGNTVPFFNYNQPGKNGHIGIGP 

FTJDVHTVNGIKRSIYNSIKYML^TO 

THYVIFPASNIVNASQFSKQWSGPLTTVDNSAra 

SAQRKVDGLAAKLQKAESNVEKAKAQIAiQl^ 

UtfQSKILIJ^IJEEKQSQVASQINVLT^ 

SQIKTKKML^LTQEKAKLTSAITTra 

SDTREKAVT)TAQEATILAQAETMAEEVITNSAKAIVANAQNVAQEIMKYAPEW 
ADNIKKNNAPASKSYGASSSTVGNATSSRDESTKRAI^^ 
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SEQ ID 64 

atgaaaaaattattagcttgtatgttaatggtcttttttctate^ 
attcatcaattgtctcaaaacgtgctaacttctegtacgtattU^ 
gtgatcaatctttaacaattacaagtggagttxtttaaaccaaatgatgattt^ 
ttttcaattagraaatggacaatttattttggcaaataaaaagttcattta^ 

gtggctacaaaaagatttfcacaatctatgaagaacctcttgtaaaaggagttttaoctattaategtgatttaaaaccttattcaaaagttca 
tgttacaaaactatcacaaacacagcatggaaatttttattatattgaaaacaaaggttgggtttctgagaaatatctctcaaaagctgata 
acagaatggtaaaagttcaagaaatgctgagtcaaaaatataataaogaaaattattctatttttgttaaacaattaacaacacagocaa 
gtgcaggaataaatgccgataaattaatgtattctgcaagtattgctaa 

aaacttctcttaatcagaccttaaaatatactgatcaagtaaaccattttaaaggtgactatgatccatcagggagtggtaaacttccaaaa 
ac^agataatgagaattatactgttgatgatttettaaaagcagttgcccagra^ 

tagctaatcaatotgatagagatttctctacteaaatgacagctatttctBgtattaattgggatatggaagaacggatgttatcttcaaaag 
cagcagcaaatgtaategaatctatttactatcaaaatggacctattgtttcttatttaacaaatactgattttgacaatcaacgtatttctaa 
aaatattgct^ccagtagcU^taaaattggtgatgcctat^attatoaacatgatgttgcaatagtttatagtgactcg 
ccattcattctatcgatttttagtgagaacgcatcctatgatgatattactgcaatcgccgatggtatttattctatattgaaa 



MKKUAC^aMVPFI^PISvlSTEKSISFPsr^HQ^^Q^m^ 

QSLTIPSGVLKPNDDFHNNIALNQNNI^^ 

QKI>FTIYEEPLVKGVIJPINSDUa*YSKVHVTKI^ 

VKA^EMLSQKYNKEbTY^lFVKQLTTQTSAGl^ 

QTLKYTDQVNHFKGDYDPSGSGKLPKTC^ 

DRDFSTQMTAISGINWDMEERMIiJSKAAANVMESIYYQN^ 

VAHKIGDAYDYKHDVAIVYSDSPFII^SIFSENASYDDITAIADGrYSILK 



SEQ m 66 

atgattagaaaagaaaattttaaaaaBcgtt&tattagctttggaa^^^ 

taagaaagUgatecagaatcatatgctaaaaaatcagaatctaaagttgttaaaaatgtaacaaaatcacaatcaacateatcttcaact 

caaaaagtteaagcatcaacagaacaaagttcttcaagtcaagaaca^ 

aacaggttgctcaaccaacaccgaraccttcaactgaggttgcacaa^^^ 

caactocagtaacttattateaatcaaatggaaatactgccggagctattggtagtc^ggctgctgctcaaatggctgcagcaacagg 
ctcaatcaacttgggaagctettettgctegcgaatca^^ 

gccaggatggggtteaactgcaactgtacaagatcaaatcaattctgctatttcagcatataatgcacaaggcttatcagcttggggttatta 
a 

MIRKENFKKRYISFGILGFAVALIALWAFSSKKVDTO 

VEASTEQSSSSQEQATPDTSVATQSVPVEQVAQPTPTPSTEVAQQVVPAQPSVPTTQYAATPVT 

YYQSNGNTAGAIGSQAAAQMAAATGWQSWEAIIARESNGNPYVSNASGASGLFQTMPGW 

STATVQDQINSAISAYNAQGLSAWGY 
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SEQID 70 

atgaaatcattttttaatagtcggatttggcttggacttgttt^ 

actctgcaaaccaagcatacagcccaatcgaaacctatarccacaacctatra^ 

UtatOTgtgagtactcctacggggcacaagtctatttgacctcaaccaa 

ttaaaatcgtcgc»gacttaacagat^gcaagcctggaaaagcaacl^ccctcttaaagtcaataacctacctte 

gtgaccccagataaaatgaccatcaccatcggcaagaaagcacgUagacctttaatgtcgtaggaagtgtcgatccaaaacaa 

acaggttat^aattgctcteaatggacacaggc^ttgacaaagttgaagtgaccagtgacgagtctaagatt^atttgattgatcatgtcg 

gccaaactacctgacgatgttoaattaaatgcagactaccgaggagaagtgactcttcaagcagtcfccagcagatggaacggttttegc^ 

gctccatttcaccagccaaaacgaccttatcggtttcagtc^^ 

atgaaagcttggcggatattcagccaaaacttggaaaagaaacagctgtcatttx^gggccaagagaagttctggataccattaatgaagt 
ggtagcggaagteaatattagtggtgtgactaaagatac^ 

MKSFFNSRIWIXJLVSVFFAIVL^ 

SEYSYGAQVYLTSTNRVKLDSEVNTDTRNFT^ 

DKMTITIGKKARKTFNWGSVT)PKQVATGYEIX£MDTC^ 

DVKUtfADYRGEVTLQAVSADGTW^^ 

PKLXJKETAVISGPREVLDTINEWAEVNISGVTKD 

SEQ ID 76 

atgaagccatcaaatacggaaaaactatttctcattttgagtcttto 

tatcggaaacgccttaacacaaaaagaaacacaaacagttcaaaaaagtaatatgttaagcaaggccattgacgccctagaaaaagctg 
agaaaaatccaagtcttgaagcaattgaaaaagctgagaaagccattaatcagttgaaaaaaactgatactaagttacgtctccaagagc 
gactaaatcaactaaaaaaagctttctccattgaaaaggaagccattoaagcacttgaggaggctgaaaaaaatcctagtcttgaaacca 



atcaagcacctgaatcaagctccacatcgtragaagctgcaagtgacacgac^ 

ccatttetgaaagtccggttgcaccagctgaaagctatgttcctc^^ 

gUctectgcgccaagccctgaggcfcraagtactcctecaac 

MKPSmEKLFLILSIXTLIIA^ 

PSLEAIEKAEKAIN^UOCTDTKLRLQERIJ^ 

AIDKIGNLTKKNELUsmiXJAm 

SYVPQAPAQSVGEPVQPATPSTPAPSPEAPSTPPTVPATDTPSESTPNP 
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SEQ ID 81 



gaaaaactcaaagtggtaaccactttttatcct^ttatgaattta^^ 

ggctggaactgagccacatgactttgaaccctcaacaaaagacattaaaaaaatacaaga 

atggaaacttggattccagaagtgaaaaaagctattaagtcgaaaaaagtagcctata^^ 

gaa(£gaagaaggtracgatcatgaaggagaagatgatcatratcatga^ 

tttgatccacatgtttggttatctccatatcgcagtatt^^ 

aaagtttaatgccaacgctcaagcctatattgaaaaattgaaaaagcttgattcggaatatacagaaactttatcatctgctaaacagaag 
agttttgtgacgcaacacgcggcatttggatatatggcattggatta^ 

ccatcagctaagcgtattgctgaattgtetaaatatgttaaaaaatatgatattaactatatctattttgaagaaaatgcttcaaa 
gctaagactettgraaatgaagcaggtgtcaaagctgtt^ 

attecttctctgtcatgcgtgataatttaaaagcccttcagttgacaaccgaacgcgaaggtaaggaaattgacccagaagaagatgcaagt 
aaatctgtttataatggttatttcaaagattctgaagtcaaagaccgtaaatte^ 



aaacaggt 

tataaaacagatgtcaacaagattcaaattgatggcaaaaagaaaaccatcacctttgaaagaaatggggacaagaaaacctttacttat 

cagtactcaggcaagaaaatctteacatatgaaaaaggaaaccgtggtgtccgttatatgtttgaaactaaggataaagatgcgggc 

ttcaaatacattcaatttagtgatcatggcattgctcc^ 

gcttcaaaatgggatcattggccaacttactatggttctgatttaagtggtcgtgaaattgcccaagaaatgaatgctcat 

MKKKTLVMMG LAGL.VAGG QLYQAKAVLAD QEKLKWTTFYPVYEFTKG VVG KEG D VSMLM 

KAGTEPHDFEPSTKDIKmQDSQAFmiDD>METWlPEVKKAIKSICKVAYI^ 

EEGHDHEGEDDHHHDGEDKHGHEEHSHKPDPHVWIi5PY^ 

FNANAQAYIEKLKKLDSEYTETUSSAKQKSFVTQH^ 

KRIAEI^KYVKKYDINYIYFEENASNKVA^ 

MIUDNUCALQLTTEREGKMDPEEDASKSV^ 

TLDQVMDYKAKKSKGEKSAKEFKDYYETGYKTDVNKIQIDGKKKTITFE 

GKKILTYEKGNRGVTtYMFETKDKDAGEFK^ 

DHWPTYYGSDLSGREIAQEMNAH 

SEQ ID 92 

atggcaaactacaaaaaaataacatctttatcacttttgacccttt^ 
agatatgagtcatcctcatragteaatettaaaaccatt^^ 



aaatcttaatgaaactctattegaaaagmtatcagaaaattggcaate^ 
agacaactcttteaccttctgaaaaagagctattaaaggacte^ 

actcattgatcaagagacagctcaatacaacgcaaaactggctatcctaactcagcaagctgataaaatttatgaaaaacacgggattacc 
aaagatatcttggcagcttactatatgcaaacaggaatggaagcagattaa 

MANYKKJTSI^U.TU^I^TFSATQ 
SIQMSIEKIKASRFKPAEIAITTEIQQLENLNE^^ 
EKELLIODYFNKDEVLQKKLKENDLLIPQETAQTO 
QTGMEAD 



SUBSTITUTE SHEET (RULE 26) 



WO 2009/020391 



PCT/NL2008/050537 



42/45 



SEQ IB 93 

ttgaaatctaaaaagtcttatgttttattattagcaccgttt^ 
caaaacgtgacagttgattcaagtgcaaataataacatgtratctaagttgto^ 

gtaactgttttggatcagtcgacaaatttagtaacagaaaatgtagtccaagaaaaggcgctagcatcatcagaaatacaaacagatgag 
agtatcatagtateatetccatcaggtgacctcagtgcttca^ 

aaatetagttttcaatcagttaatactgatgtatcaagcaatctcaaaactga^ 

gagcccgtaactgcaactgtagat^acaaaggtattagcattcaatataatgaggcgattw»caagatacaagcatt 

ggtgataaacaagatcagaatgatttggtctg^tateatgcatcatcaactggctatgcctetgttgatttttcacgccataaagaa^ 

ttataccatottcatacttatgcaaaacgcaatggcaatatgtat^gaattagcgctcttcaagtcacactm 

aaatcgcteaaaaggatgccaactetttcacaattacagtatccaat 

agatgaccaaaatgatttgatttggtataatgcccgtcaagtgtcaa^ 

aaaaaggtctttatcacattcatatttatgg^ 

gtcgcccaaatgctacagtatcagttgtaaattatgccgaaaacaaaaccacc^^ 

taacaggtgttcaaatcgcagtatggtctgaaacaaatggtcaggatgatttaaaatggtataagcctcttgttt 

agtgctagtcaagtgattgatgttgcteatcatagtaatacca 

ttggaacgaatttaggggcctotaaaattgttaaagaaattetgcctgtcgtaaaacctaacgtaacagttcaaaattacc^ 

Bggttacttgaagt*»aggttcaggaaggtagtaaagcaatctcaaaaataag(£ta^^ 

attggtatcaagaaattccaategctggtcaagagacgattattaaagtcaa 

atacttatettgattatacggacaagteac^agatggcUcaatcta^ 

aaattatgatattgtcaataaggteatttacetagatgctggt^ 

cttgaatttgcaaatgcaaaccttggtaaaaagtaaattagaatetca^^ 

atttgcttccacgttcggaaaaagcaaataacagtctttca^ 

aUgaaacttattactatgaatactecgaagagtatccttcacgcattaa^ 

tttfcagccgaagctattcagg<^cgaccactgctaaaac^ 

araaragccccagcagtgctagtagaattaggttaratgt^ 

tagcacaaggaattgtttcagggattttatcctattatcaaacctacagtgtt 

MKSKKSYVUXAPFVIASFWQSK^ 

VTVLDQSTNLVTENWQEKAIJ\SSEIQTDESIIVSSPSGDI^^ 

QSVNTDVSSNLKTAKQETVVSLAAQVAEPW 

QNDIWWYNASSTGYAYVDFSRHKETC 

ANSFTITVShAO , STITSVKIPVWTDKI>DQNDIJWYNARQVSKGTY 

HTYGYSTILGSQIGLAAKTFNNVDSRPNAW^ 

WSETNGQDDIJCWYKPLVSGNSASQVIDVA^n^ 

KEIU>VVKPNVWQOTQADKGUJBVKVQEGSKAISKISVAAWSTC 

IKVNQAYHDFLVGhTVTVHTYIDYTDKSRD^ 

HGGYDPGAVYFGTSEKTI^4LQMQT1.V1CSK^ 

LFVSLHFNASTSSQASGIETYYYEYYEEYPSRINEtf^ 

NNGViaNTFA\^RETTAPAVLVEUJYMSNASEFQhnSNVNYQEKLA 



SEQ ID 94 

atgaaaaaaagaaagaataaatggaggttttttatgattaaaatgagaaaatcacagttgtcagt^ 
tttgc^cttcacctatttatgccttacaaac^aatcaaaaccoa 

aagctcagaaacctcttttagatattgctattcagataccagctcaactggctaagggaggtcaagcaaaagtggaattgcttgatcaaaca 
ggtcaggteaaaaataccattagctatgacttgcaagcaggatggacacaaatgtcagcctggtttgacatgacaggttacccaagtggtg 
attatagtgttaaggttacctacaatggcatcagccaacaatcatcacctattcactattaa 

MKKmWKWRFFMIKMRKSQLSVSIALFALLTFAASPIYALQTNQNQAGQEVQQDSL^ 
QAQKPLLDIAIQIPAQLAKGGQAKVELLDQTGQVKNTISYDLQAG WTQMS AWFDMTGYPSG D 
YSVKVTYNGISQQSSP1HY 
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SEQ ID 100 

atgaataccaaaaaaataatgcaatttatacttgcaattaccgtgactcta^^^ 

gctgggcatcatgatattgaaatgattaatcgBaacatagacactttgtctaatcgcattaaaacaaaaaatcagaaaatttcagatttaaa 

cgcaagcatttcaactttaaaatcagatettgcttctcaaaacagccaagtgagcgcactgcaacaacaattaatccaagctaatattgata 

aacaaaat^agatc^atxaaaaaattaatgaaatcaacgctaaaattgcagaaggtaatcaaaaggttgccgaaaaacaacttgaagtg 

gatgccgccaatcaaaaaatagcagaattgaatcaacaagtatcctcattacaa 

atgttcaaaacactcgtcaaaaatctgataaagctgttttagaaacggaa 

MNTKKIMQFIIAITVTLFA^ 

SISTLKSDIASQNSQVSAI^QQUQANIDKQNEINQKINEINAKIAEGNQKVAEKQLEVDAANQ 
KIAELNQQVSSLQDKLNQNDSQALRDVQNTRQKSDKAVLETE 



SEQ ID 105 

atgaagaaaaaaacttetttatttgttgctggaatractgtaacctgtggtactgra^ 

atgacaaaateaggacatgagaaaatgattl^aaatccccaactaatagtgatgataaatctaggaaaaaagataagggtattgctggt 
attgattatatactagtgatggattteaactagataagcaatctaaaa 

caUctcactttattttttataaagatttgaaagggactgcatttgcatatttaataccaaatggcgttcaaataactaaacctttaataggtg 

atacaaatgaatcgataaatggacatgggcateattatgttttcaatccaaaggate^ 

atgatgatcatttccattatattttaaaatctegtctaggaat^accc^ 

tcattacaaacctaat^l^aaggaattccaggtcttgattttgctacctctgatggttttcaatttgatggtagcggaattgtaggtaaaa^ 
aatgatagtattttggttagteacgatgaccatcttcatcccatt^ 

tatgagaaaagagaaattgcaactccccttagtcatgtagcaagcaaggaggacttggttcaaaagaccatagaatatttagcgaaatcat 

tggccttacrattateatctaUgaaataatcaaaactgacgatggtaaaattgggtU^ 

gttegaagatatcgaaatcggtaaaccaattccagata^tcaacta^ 

cattaagggagatcg^ctttgatgaagaagtcattcttgatattgttagaacccatgatgcaaaaacagaatttccatcaaatgaaaaaaa 

tccggaaaagatgaaggagtggttgaccacagttacaaaattggatttaggaagccgaaaagaccccttgaatcgatttggacttcat 

ttattacctaatetegagaatttaggaatcggctttacacctate^ 

atgacagcaactggtgttaaaaactatgattttctgaagtecat^ccaaatcttgagggattagatatttcacaaaacaacttaaaggattt 

gagctttttgacgccttataaacaactcaatctattagctgccgcagataaccaattatcaacattgcaaccattagcggaactgcca 

acaatttttagtattaagtaateataagataaaagatttgagtccaU^ 

tggtcagagatttaacccctttaaatgacaaagaaaacttaaaagttttaaatctatccgaaaataggggagttgacttaaagactttgag 

gttaccgcttcttgagacacttaccgtaaataaagcatctttgacggatttaaacttttttgaagctaatectaacctgactgaagtaacagca 

acaaaaaatgctattcagaaattagatggcattgagaaagaiaagaaattgcaatttttaBatttgcaagaaaataaggttaatcatttaa 

acattaaggaaaaacaagagtcactaactttcttgaatctttctgataatgcattggaatcgctcgaaggggtaaatgactttacagctttgg 

agacatteagagtggcatcaaataaaatttcgagcttacaccttgaagaaagcaatcagcaagtaaaaagcttagatgtcagttataatca 

attgccaaaggaggaattaacattaaatgaaaacgacataccccttggtgttgctcatcattttacagcggttaaggaagggtcaatagag 

gggaatccctctctaaatgatgttttagaaagtcaaaatcaaaagaataataaaaaagaa 

MKKKTYLFVAGITVTCGTALAIHI^ 

PTSDGFTCLDKQSKIISKTDTGIIVAHGDHSHFIFYK^ 

NGHGHHYWlWKDrVAEDAFGYTVRHDDHFHYILKSSLGMTPM^ 

NVQGIPGU)FATSDGFQFDGSGIVGKTNDSILVSHDDHJ^^ 

ATPI^HVASKEDLVQKTIEYIJVKSIJVLPI^ 

PDPHQIJiHAKEIJSKHRIGMNTLIUSIGFDEEVlIJH^ 

TKIJ3U1SRKDPLNRFGLHLIJ?NIJENIX^ 

mPNI£GIJ)ISQNNIJCDLSFLTPYK^^ 

PLKNLTRI^EVHIENNLWDLTPLNDKE^^ 

LNFFEANPNLTEVTATKNAIQKUDGIEKAKKI^ 

ALESLEG\WDFTALETU*VASNKISSI^ 

HHFTAVKEGSIEGNPSLNOVLESQNQKNNICKE 
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SEQID109 

atggcsattettttacctgaccttccatatgcatatgatgctcttgagccacaaattgataaagaaacaatgactcttcatcatgacaaacatc 
atgcgacatatgUgctaatgccaatgctgcgcttgaaaaacatccagaaattggt^ 

ttcca^agatattcgtcaagctcttatcaataatggaggcggacatcttaaccatgcacttttttgggaacttctttcacctgagaaaacaga 

aatcacttcggaagtagcttctgctattgatgaagcatttggttcttttgatgcatttaaagaaaaatttacagcagcagcaacgggacgtttt 

ggatctggttgggcttggttagttgtcaataaagaaggaaaacttgaagtaacttcaactgcaaaccaagatacaccaatttctgaaggta 

aacagcctattttgggtcttgatgtatgggaacatgcttattactt^aattatcgtaatgtacgtccaaattacattaaagctttctttgaaatt 

ettaattggaaaaaggttgatgagctttataaagcagcaaaagcg 

^LMIU > DLPYAYDAI^PQIDKETMTLHHDKHHAT^ 
PEDmQALINNGGGHLNHALFWELLSPEK^ 
GWAWLVVNKEGKIJSVTSTANQDTPISEGK^ 
VVKKVDELYKAAKA 
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SEQID 115 

atgagaaaacattatgtttcaaaaagtgccatttttttagccatgttagttgcaacaggttcagctcaattcgtaaaagctgagacaccaaca 

actacaactagcccagcaacaagtcttactgatgcctctgcaagtacgacto 

ccaaatactaatttcaccgttgattctagtgctaraaraagtacte^ 

ctgctcaacctecaactaatgtcactagtgctagccttgcgcra 

gtg(£cateatetcaarcactgaccUcactetaacttagtcaa 

ctgccgttcttatcgatcaagcaaaagctgaaaatcctaatgctgttctt^^ 

tgaagcattgattgatcctttacaac^ggtgaagtgcacccaatgtacgc^ 

cacgaatteaactatggccttaccttcatcgaaaatgccattgcttcagrc^ 

gagaataccttttccaaccttacgctatcgttacgaaaagctttacggatgctaatggccaagctgtcgacctaaaaatcggtatcac 

ttgfec^cctcaaatcatgctttgggataaggctoacctcgaaggtaaagttacggtcaaagatgccgtgcaagctgtgacagaaatcatt 

cctaccatcaaaaatgctggcgctgacatcgttttagtccttgcccara^ 

gcteccagattg<^agtcttgctggtgttgacgcggtcgtaacaggtcactcacatgcagaattcccttcaggacaagataccggctte 

aatcctataatggtgtcgacggggtgtctggtttaattoat^gaacacctgttaccatggcaggaaaatacggggatcat 

atcggtattattgatttaaatgtgtcctatacaggtggtaaatggactgt^ 

caaatcaaccatcgccgatgctgatattttagctttggctcaagcatc^ 

actgcaccaattaacagttacttcgctfctagtaaagatgatccatc^^ 

tagctggtactcc»gaagctgacttacctcttetttra 

ccggctggaecaattgccattaaaaacgttgccgacctatacttatatgataatgt^ 

gaatggttagagat^tcagcaggacaatttaataccatcgacccaaatgtagctggacctcaaaacctagtcaatacggattatagaactta 

caactttgatgtgattgatggcgttacttacgagtttgatgUa 

agtcgtgttcgtaarcttaaattccaaggtaaagaaatcgatccaaatra^ 

ttcccaggggtaaaaaatgcaaccattaatcgattgcttaaccttgaaaatcgacaagccatcatcaattatatcgtttctgaaaaaaccatt 
aacccaagtgcagateacaactggtactttgcagataccattcaaggacttgatttacacttcttaagtgcagatacttctaagaatttaattg 
gtgacaaagctgatatttettataccggcccttctactattgaaggtt^^ 
actccggaaacaccacaagaaactggtagccaattgactgaaaaccgtc^ 

aaaagcgacatcatcaagtactactaaggctgaattaccaaaagct^gtagccaagagtcteaaggtttattettcatg 
ggcttaagcttacttggtttagccggattaatcacgaaaaaagaagaaagacaa 

MRKHYVSKSAIFIJVMLVATGSAQFVKAETPTTTTSPAT 

TNFTVDSSATTSTTTPSPVEAAAISPVmTAQPTTNVTC 

TDLHSNLVNYDYYQDKASQTIGlJVKAAV^ 

LQPGEVHPMYAAUDKLGFDASTUJNHEFNYGLTFIENAIASAGm 
YATVTKSFTDANGQAVDLKIGITGIVPPQIMLVVX>KANLE 
VLVLAHTGIGDDVYETGEENVGYQIASI^^ 
GLINGTPVTMAGKYGDHIGUDLNVSYTGGKWT^ 

HLGTIDYVRQTVGETTAPINSYFALVKDDPSVQIVNNAQLWYAKQQIAGTO 

FKAGTRNDPTAYTDIPAGPIAIKNVADLYLYDNVTAILKLTGADIKEWI^ 

GPQNLVhTTOYRTYNFDVIDGVTYEFDVTQPNKYDAK 

FMVVTNNYRASGSFPGVKNATINR^ 

HFISADTSKNUGDKADISYTGPSTIEGFGDFWTYVOT^ 

HQIJVTRVYNQTKATSSSTTKAEIJ'KAGSQESK^ 
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The search of claims 13-65 was consequently restricted to the proteins 
recited above. 

The applicant's attention is drawn to the fact that claims relating to 
Inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regionalphase 
before the EPO, the applicant is reminded that a search may be carried 
out during examination before the EPO (see EPO Guideline C-VI, 8.2), 
should the problems which led to the Article 17(2 )PCT declaration be 
overcome. 
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